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_ July 3, 1984
MEMORANDUM °. . - . y
. v ey S ’ - |
R o B '10 - ‘The People of G;argia ( ‘
| | " FRM:  R. E. Morrison, Jr., phm:K' . ——
- High Technolagy Coordina , .. o

‘RE: PrefacetotheEng:l.neeringTeclnologycm:rimlm

Inthepast:twoyears. Georgiahastakmtheleadin
human resource development of engineering technicians for _
tl.'he state's industyy. 'nlis.&glead e::nsurci::i e‘tl:at: the indust:rie:m
s ocating in ia,: or ting indus P expans

g or re oling have a readily available supply o h:ld\ly
.a - C skilled, educated, and technically adaptable
, : : : Overmomillimceorgimshavebemtra:lnedind\epast
* twehty years in the state's network of thirty technical
schools, junior and coommity colleges. -

| /' A quantum step was taken in 1982 when the General :
Assembly appropriated over $13 million to upgrade the technical school
o ’ ams to ''state-of-the-art’ in the electronics electromechanical and -
. technologies. In that allocation were directives to develop
. two year engineering technology programs in the same three fields. These
two year programs for a degree of Associate of Applied Technology were
begunn in Septenber, 1982. The new curriculum, highly quilified techaical
Sstaff, the t in instructional’ equiphment and a highly motivated
student body are now in place., Our first graduating classes enter the
"World of Work" in June 1984. The rhetoric of what should be dme is
b&hﬂw;hi@tedmloytrammgforehgjneeﬁngtechﬂciansisaf

m mmo -~

New and expmdingergmstries will find a new atmosphere of coopa:atim
where the tuman resources required to ensure a skilled technician,workforce
is available. Productive and credentialed employees are availabfe with a
Ezgﬁive attitude toward change, adaptabi,li-ty, flexibility and upiard

ity.
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o Eachofthethreehightectmlogyprogrmisbhsedupmasolid '
-foundation of mathematics, physics ard an understanding of the furdamentals -

basic to the technologies. . An understanding of systems, close ties to local

business and industry, couputer literacy, and charact:erist:.cs of the high*
. technology prosrams . .

s

TheGeorgia Hi@TedmloyAdviaoryComcil"was appo:lntedbythe -

-Governor as a blue ribbon committee to advise the executive branch of .
govermment, the General Assenbly, the Board of Education; the. Board of
Regents: andthenavBoardeost Secmdaryv tional Edutation ;
regarding high technology logy education issues, .

The cou)cil is sed of 12 tectnology industry ‘repres"mt:atives

in the state and is ooord;ina the Hi,gh Ted'Tology Coordipator. " R

Georg:l.ascomnimmttoinch:stry, "hi-tech" and quality training iB :
now in place. Contained herein are coordinated iecesthatmakeup
acmpretmsivemdviable anintheeng:l.neermg technologies. It is -
in the basics - this is and will be the difference in Georgia's luman
resource development product....cceeee. the engineerihg tectnician

.
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o - Education for The Technician: An Introduction |
' . RATIONALE
4 s - Rérevant .education and trainlng to prepare engineering
' ' techniclans Is a critical concern for.the productivity needs
of this nation. As new - and changtng technologies - and_
processes for manufacturing. construction, communication,
energy,:. and research -and development. occur  w' th great
rapidit&. the need for engineering assistants who can perform
the .i"nuts-and-bolts" problem-solving tasks - associated with
currerit technology _has increased significantly. Modern
Industial and engineering devices ¥hat -are multisystem in
nature require . the sort of deveioﬁmental. maihtenance./
~ suppott, and operational personnel who can change, adjust, and;
adapt to new situation and utflize inéreasingly sophisttcated
hardware with a mini; of retra/ning. In all, this trend
) toward innovation as the. status-duo has heightened the need
‘ for ‘a trained technician - who combines theoretical . and
conceptual knowl edge with the mantpulative. "handé-on" skill
of an artisan or craFtsman. It {s toward tst end that modern
. ' technical education . must be focused. The remainder of this
dbcuggnt offers iﬁFormation and procedures necessary to train
engineering techniclfans’ who can make a contributiof in the
emerging technologies.

PURPOSE AND OBJECTIVES

J
PURPOSE

The purpose of the Engineefing Technology Program in
Georgfa {s to produce ~specialis§svwho possess the broad base
of knowledge, skill, and attitude necessary to be productive
in modern technical occupations that fare characterized by °
rapid change and highly sophistlcatedﬁcontent.

¢ _ 1 :12
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"OBJECTIVES . , .

1. To provide basic knowledge, skill, ®nd attitude N
development based on & systematic analysis. of the-

~octupational domain to be served..

2. To produce a technician who 1{s able to deal with the
complex systems {interactions that characterize modern
ﬁechnological environments. )

3. To provide - program options that allow in-depth study in
specialized areas of the occupational domain beyond the
basic skill level. : .

: /
4. To provide for awarding of credit leading to an associeste

degree credentifal, as well as optlonsltoward other degre?//

credentials. .

5. To provide instruction that maximizes the application of .

knowledge, skills, and attitudes to real work sfituations.

6. ‘To provide instruction that prepares the student for the
complex problem-solving nature of highly technical
occupations. .

\

7. To fully coordinate the higt ‘:echnology program with needs
of business and indust, . through a process of

schuol-community-business int.. ~cooperation.

8. To provide a system of f{instruction that is fully
responsive to, and perceptive of, the intrinsic nature of
change and fnnovation iri highly technical occupations and
disciplines.

TECHNICIANS DEFINED N
In general the work role of the engineering technician
falls between that of the vocational-industrial tradesman and
that of the professional engineer. This is a broad range and
fs f{ll-defined i{in practice, having gray areas of work
requirements at either end of the cont:nuum and at many points

in between. Perhaps the best way to define a technician is by

13



A

a summery of tasks performed and the accompanying skills

required. This must = of necessity be done in a broad and

generalized fashion with provisions for more speclflclty'léft
to findividial Job descriptions. (The basis for this
description may be found in a U.S. Offfce of Education

‘research report eéntitled Occupational Criteria and Preparatory

i .)

It is generally agreed that the -engineering technician .

must have the following kinds of special skills and
and abilities: | ' |

/1

e , . : P

15 Proficiency in the use of the disciplined and objective
scientific method in practical application of the basic
principles, concepts, and’' laws of physics as' they

comprise the scientific base for the individual*s field

of t chnology.

2. Faclility with mathematics; ability to use < ligebra and
trignometry as problem-solving tools in the development
and definition of, or to quantify, scientific phenomena
or principlies;s and, when needed, an understanding of -~
though not necessarily facility in - higher mathematics
through analytical geometry and some calculus accordlng

. to requirements of technology. *
- 4

3. A thorough understandlng and facility in the use of
materfials, procasses, apparatus, procedures, equipment,
methods, and techniques commonly used in the technology.

4. An extensive knowledge of a field of specialization with
an' understanding of applications of the underliying
physical sciences as they relate to the engineering or
fndustrial processes, or research activities that
distinguish the technology of the field. The degree of
competency and depth of understanding should be
sufficient to enable technicians to establish effective
rapport with scientists, managers, and engineers with

whom they work and to enable.them to perform a variety of
detafled scientific. or technical work as outlined by

general procedures or - instructions, but requiring

- individual initiative, and resourcefulness {n the use of
techniques, handbook information, and recorded sceintific
data.

‘ /

14
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Copmunication skills that include the ability to record,
analyze, interpret, and transmit facts and fdeas with
complete obJectivjty orally, graphically, and in writing.

]

Activities Performed _ "

Technicians are ekpected to perform work tasks and/or
support to engineers related to any of a combination of
the following kinds of activitiesz

Applies knowledge of science and methemet'cs exﬁensively

..in rendering direct technical assistarce to physical
scientists or engineers engaged in scientific research and .

experimentation.’

Designs, develops, or plans modifications of new products,
procedures, techniques, processes, or applications under
supervision of scientific or engineering persondel in
appl fed research, design, and development. v

'Plans. supervises, or assists In instelleﬁ{;n and

inspection of complex scientiflc apparatus, equibment.
and control systems. o

Advises regerding operation, maintenance, and repair of
compléx apparatus and equipment with extensive control
systems.

Plans production or operations as a member of the
management unit responsible for efficient use of manpower,
materials, money, and equipment or ' apparatus {n mass
production or routine technifcal service. '

Advi ses, plans, and estimates costs as a field
representative of a manufacturer or distributor of
technical appartus, equipment, services, and/or products.

Assumes responsibility for performance of tests of
mechanical, . hydraulic, pneumatic, electrical, or
electronic components” or systems in the physical sgfences
and/or for determinations, tests and/or analyses of
substances tn the' physical and other engineering-related
sciences; and/or for determinatfons, tests and/or analyses
of substances in the physical and other
engineering-related sciences; and prepares appropriate
technical reports covering the tests.

'

15



.. 8. Prepares or interprets engineering drawings and skeécheé.
1\ or writes detafled scientific specifications or procedures
‘ for work related to physical sciences.

9. Selects, compiles, and  uses technical information from
references such as engineering standards, procedural

outliines, and technical digests of research findings. i
10. Analyzes and interprets information obtained from . ‘
precision measuring and recording fnstruments and/or j'

special procedures and techniques and makes evaluations
upon which technical dqcisions are based. . (

' 11. Analyzes and diagnoses  technical problems that involve
independent decisions and and judgement that. require, in
addition to technical know-how, .substantive experience.in

_the occupational fields. - :

12. Deals with a varfety of technical problems involving many
factors and variables that require _an understanding of
applied scientific ‘and technical understanding - the
antithesis of narrow specfalization.’ ’

: . ' . .
It s recognized that no two-year technical training
¢ progr&m will be spfficient' to prepare engineering technicifans

. 'For all the problems they will encounter in the workplace.
The training should however be sufficient to:

1. Provide occupational skills that are 'compatible Qith
at least entry-level employment in the chosen field.

2. Provide a broad 'base of knowledge in scienqp.
mathematics, and technical subjects that will allow
the technician to progress to higher levels of Jjob
competence {n an environment characterized by rapid
change and fnnovation.
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f A DESCRIPTION OF ELECTROMECHANICAL ENGINEERING TECHNOLOGY

/ .

. : booo
‘ /// QND THE RELATED OCCUPATIONAL FIELD

ELECTROMECHANICAL ENGINEERING TECHNOLOGY

Wwhat s 'meant by "Electromechanical ‘Eng[neerlng
Technplogya" Electromechanical in general has to détwith:
systems that {nvotve mechan’cal and electrical energy.
Often, as 1In ‘motors and generators, there .is a
transformat ion between one form of energy and tae other.
Generators turn mechanical energy into electrical energy
and motors accomplish the reverse. The above case is of
cougse extfemely "simple. The motors and generatordf
i often have sophisticated electroniq- circuits that are.

used for -control functions such as motor speed or
generator” frequency. Many’ e[sgfromechanicaﬂ ‘systems
also Incluqe fluids for the purpose of mechanical energy

: . \ transmission, Those. that use liquids such as oil are
' called hydraulic while those that use some kind of gas
such as’ air are called pneumatic.

Many EMT systems use microcomputers to implement
sophisticated controls and functions. Examples are
Photocopiers, such as a Xerox machine, -and industrial
robots. In fact, the {Industrial robot {s perhaps the
best example of a complex electromechanical system.
Many  robots fnclude motors, mechanical 1inkages,
hydraulic and/or pneumatic power transfer components and
-one or more microprocessors. In addition, these robots
normally have various electronic devices such as
amplifiers and feedback servos, which are devices that
make the robot do as it is told. )

‘ Most factories contain numerous efectromechanical
systems. Some examples are automatic @assembly lfnes, .

motors, copying machines, air conditoning and
‘ ventilating systems and many more.
7

17



LY

o .
The above paragraphs describe tHe{k!nds of systems
found fn EMT. So, "what 1s  EMT? .The key word is
technology. Technology means a field of knowledge based
in an area where there is a relatively Iintense
conceﬁ%ration‘ of -xechnical‘ skills . and knéylque.
Technology helps to ,integrate scientific ‘know 1 edge
within ‘an area, reinforcing fnnovative acélvjty and -
mobi1izing technical resources. Procedures are. fnvolved
which ceuple a high level of research and development (R
and D) effort while actively incorporating new concepts
ande \Mdeas that flow from the R and D. Technology
incopporates  an advanced level of automation in’
‘manufacturing and production control. The field of EMT
s v y broad andkTEBencompasses a wide variepy—of many
kinds of technical know'edge and skill. Much of the
know | edge normal ly associated with  Electrontc
Engineering Technology g requTng fn EMT. ~
Modern automated 1{ndustrial processes injbriably/f\ﬁ\
fnvolve a large amount of fnstrumentation. Instruments )

I

are required to control and monftor the various stages
of .complex processes. Instrumentation 1{s one of the .
areas of elective courses {n the EMT program. The éthers

are robotics, electrical technology. and industrial {
controls. _

Robotics deals with the 1installation, maintenance,
repair, and programming of robotic “systems, while
electrical technology f{nvolves power generation and
transmission. Industrial control specfalizes 1{n the
kinds of automated equipment found {n many factories
used to control industrial processes. Included would be

microprocessors and programmable controllers.
COMMON EQUIPMENT AND PROCESSES

The graduate of tHe EMT program‘wili be required to
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‘operate a wide ‘variety of test équipment. These are '~
discussed btiefly below:, 7/ ' :

T x o . .
L l. Multimeter ~. The multimeter, often. misnamed a
v ., voltmeter, fs used to measure the. electrical
parameters of voltage ( AC and DC), current (AC and -
" DC), and reésistance. The older models are analog in
that. the " whlueé of the paramter 'is indicated by a
pointer mouving over - a scale. The newer models are
digital, which are more 'accurate, and the value FAL
’ indicated: directly in digital form in a window on
: : the meter.. ;. = . ' o ,
y, . 2. Cathode - Ray Oscilloscope (CRO) "~ . This f{s . an ’
' electronic device that- has =a cathode-ray tube
2\ ~display (simflar to a TV face) to "display and
measure ejectrical wavef:ng. The ones that will be: .
i

e *

used In this program 11« have the capacity to\ -
- : measure two or K more waveforms simultaneously. Very \
, fast -waveforms or transients (events that happen \\
. only oOmce) can be displayed on the CRO. ' The faster
ones have bandwidths of 100 megahertz (hertz is
ycles Per second) or more. Such an instrument can
fsplay something that lasts 1/100,000,000th of a*
second. Some CRO’s have digital voltmeters bullt
_ fnto them and some' have the capability of handling
. . -~ many different plug-in modules for special{zed
. ‘applfcations./ The multimeter and. CRO are two -~
' ma  nstay lnsg@uments used by the graduate &f EMT.
$:> 3. Function Generater - The function generator 1is a
device used to apply certain specfal electrical
waveforms {n a test setup. Among the conmon
’ﬁ waveforms are sine wave, square wave, and triangle
:?fe. The device .can put out waveforms at varying
equencies from one per second or less to many
millfons per second. In addition, many function
generators put out a pulse waveform where the
on-time (width of pulse) can be varied.

4. Power Supplies = Many different types of power
supplies will be wused, both \AC and DC. These
suppl fes may have closely regulated voltage outputs
and have variable current cutoff \levels.

5. Logic Analyzer - This is a device' specially designed
to test digital and microprocessor systems. It can
capture and display the very-high-frequency evenﬂt
In sophisticated digital systems to allow effectiV.
troubleshooting. '

6. Miscellaneous - Other f{instruments include various
gages for measuring fluid pressure, digital logic
probes, tachometers, and other similai* small
fnstruments. B

i3
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So?e common processes are discussed bglaw: .

1. Electtrical/Electronic - Many ~ of ‘the .processes
involved in EMT are electrical 6 or\electronic in
nature. v Examples are 3signal aiplificatjon,

Filteﬁiggjﬁ transformation of alternat\ng current,

¢ (aC) _pdwer + to direct- current (DC)  power,,
. computer-controlled functions, power distributions
.and silflar processes.

2. Mechanical ‘- Mechanical processes incl\ude
utilization, of varfous drive and 1inkage deviceéy,
fluidics, packaging, ard other similar mechanica)l

processes. \

TYPICAL UoB T§TLES = . . L

. ¢ o \ .

*

Some of the dore common Jjob tJtleé that  apply to
the flield of EMT are discussed in the following
paragraphs. You will notice that most have technician
somewhere In them. We must differentiate between
technician, and engineering technician; the latter being
considered at a higher level of gnowledger The
engineering technlcian is considered to have certain
design capabilities genprally lacking in & "technician".
EMT and similar "high technology" graduates are  at the
eng[neering'techniclan level. Although. their job titles

_ may not reflect this diFference. .their salaries Iin all

likelihood will.,- Al .

- 1. Matntenance Technician - This title gcould apply to

any of the career options in the program. The
equipment being maintained could be factory
automated control equipment, robot work stations,
power transmission and distribution equipment, or
varioue Iinstruments used at the Job site. The
duties might i{nclude some equipment design and
specification along with the installation.
‘Preventive malintenance and repair are also pricbable
Job duties. Often the maintenance technician works
under and closely with an engineer in charge of the
technical operations at a given area or the entire
factory or Job site.

2. Sales and Applications - Often this title will have
the term engineer included, such as sales engineer,
sales and appl ications enginegr. or merely

10
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applications engineer< As the name ihplies. sales

is a majer .part &f this particular Job. The .

products will be technical in npature and therefore
the term technical sales might be more appropriate.
The person in one of these jobs will most 1ikely do
some design work, at -least to the extent of

configuring a systeln to satisfy cystomer
requirements. from a large s>t. of candidate
c nents. He or she may "very will assi{st the

customer in arrlvlng at product requlrements and may
help to install and maintain the customer-purchased
equipment. The maintenance function would probably
not be a part of the Jjob. v

Flield Service Technician - Sometimes this title has
enginepr substituted for technician or contains.

both, such as field service engineering techn®cian.
The person holding this job title xi11 travel to the
customer s ‘tocation to install, maintain, or repair
equipment on site. He or she will‘g;gggg__ work for
a large company, but not always.

The  field 8ervice technician wi)ll probably
travel more than most other. technicians and will be
on his or her own more often.  Since he or she will
work closely 'with. customers and be the company’s
representative, 1t 1s {important that " the field
service technician get along well with people. The

field service technician can be a specialist {n any -

of the EMT areas, such as electrical technology,
robotics technology, Instrumentation technology, or
Industrlal control technology.

Generic Technicilan - Any of the four above
categories can have a job title  ‘with technician as
part of the title, such as i{nstrumentation,

" technictian, robotics technician, industrial controls

technictan, or electrical technician. In‘addition
.any of the above titles could incldue engineering In
it, such as instrumentation engineering technician.
The duties of such a technician would still probably
fnvolve one or more of the following: maintenanca,
repair, installation, and operation of the equipment
appropriate to the fleld. There could also be some
design work and even some work more characteristic
of ‘a field service technician.

Miscellaneous Title: - Other, less frequentiy
occuring titles include bench technictian,
calibration technicfan (more often . called

instrumentaiton technician) and similar titles.
Often companies have their own unique job titles for
a technician that are far too numerous to l1ist. The
main thing is that the duties for any of the above

11
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+~ .have certain similarities such as design,
maintenance. instal lation and repair.

. N

g ither oF the types of Job description as found fin
the Dictionary ,of Qscupational Titles (DOT). could be

applied to. the graduates oF the EMT program described_

herein. _
The termaElectromechanicai Engineering is not now
widely recognized. Indeed EMT is an emerging discipline

that is only at present beginning-to attain an identity,

separate from the traditional electrical/mechanical

distinctions. - .

[N : . ‘ \'
) '
003.161-010 ELECTRICAL TECHNICIAN (PROFESSIONAL AND

KINDRED) ELECTRICAL LABORATORY TECHNICIAN

)
Applies electrical th&ory and reiated knowledge to
test and modify developmental ¢ operational electrica!l
machinery and etectrical contrcl eauipment and circuitry
in findustrial or commercial plants and laboratories:
Assembles .and test experim.7tal motor-control devices,
switch panels, transformers, generator windinos,

- solenoids, and electrical equipment and components

according to  engineering data and knowledge of
electrical principles. Modifies electrical prototypes

‘' to correct " functional deviations under direction of

ELECTRICAL ENGINEER (professional and kindred).
Diagnoses cause of electrical or mechanical malfunction
or failure .of operational equipment , and performs
preventive and corrective maintenance. Develops wiring

- difagrams, layout drawings, and engineering

specifications for syst or equipment modificaitons or
expansion,. and direct personnel performing routine
installation and' maintenance duties. Plans, directs,
and records perfodic electrical testing, and recommends
or finitfates modification or replacement of equipment
which failes to meet acceptable operating standards.

710.281-018 ELECTROMECHANICAL TECHNICIAN (INSTRUMENTS
AND APPL 1ANCES)

Fabricates, tests, analyzes, and adjusts precision
electromechanical f{instruments, such arc temperature
probes, following . blueprints and sketches, wsing
handtools, metalworking machines, and measuring and
testing f{instruments: Operates metalworking machines,
such as bench lathe, milling machine, punch press, and
drill press, to fabr cate housings, fittings, Jigs and

2



fixtures, "and verifies dimensions, using fixtures,
binocular microscope, solderlng tools, twee-ers, and
‘ handtools. Installs electrical assemblies and hardware
in housing, using handtools and solder equipment. Tests'
: i / assembles . instruments for “circuit continuity and
. operational rellablllty, using multimeter, oecilloscope,
oscillator, vacuum tube voltmeter, and bridge. Analyzes
test results and writes report on fabrication techniques
used. May +calibrate Instrument dials according to -
establ ished ' standards. May specialize. in assembly of
prototype ' instruments and be designated as DEVELOPMENT
/TECHNICIAN (instrumants and applicances), or in assembly
 of production ~ instruments and be designat as’

2 FABRICATION 'TECHNICIAN (instruments and appl iances).

CAREER OPPORTOMITIES ‘

Career o pdrtuknltles for EHT'gracluates are numerous
- and well-paying. Accordlng to the Depgrtment of - Lapor.'
by | 1995 more than half of all factory jobs will be
associated . with robots and other automated factory
' 1;\3sglpment. A  recent, sfudy by Georgia .Tech for job
openings in high-~technology industry predicted
’ r_J conservatively that Jobs n robotlcs/automatlon would
grow from 643 Jobs - per year in the 1980-1985 years to.
848 Jobs/year in the 1985-1990 years. These Jobs
represent a mixture of engingerlng and technicfan type

e Jobs, with the latter predominating. ' g
L There will * be a comparable lnqrease//::’all other
3 ‘areas as predictad by various business magazines and
government publications. The drive for {ncreased
productivity to be more competitive I{nternationally
requires increased automation on the part of {ndustry.

Within the‘next 10 years General Motors predicts that
they will 1{install several thousand robots {in their

.
-

factories nationwide. ‘
With the entrance of [IBM and Texas Instruments into
the robot market, predictions are that by 1990, robot
sales will be form $990\ million to $2 billtion. A
_ Georgia Tech study predicts sales of $385 million by.
‘ . 1985 and $1.4 billion natfonwide by 1990. Georgia is
expected to pick up about 1% of the above sales.

13
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' The:  availability of powerful irnexpensive

microcomputers greatly {mproved the economics of .

increased automation. With the decrease in the cost oF,' '

computers have come compgréble decreases In the cost :oF.

| peripheral equipment recuired to effectively use them.

§ Included are cheaper memory storage, Srlnters. and video
stations. Some devices closely related to the computer,’
such as programmable controllers, have also come down in
price durlng’an inflationary period.

All of the above factors enhance the'!employment
opportunities of highly trained people such as those who
graduate frm the EMT program. ?

Numerous career paths are -available to <£MT
graduates. The upwared mobility of technicains, such as
those in EMT, has been well" demonstrated in the past. =
It is not at all uncommon for these technicains to be in

v supervisory positions three o; four  years after
graduation. Included are such positions as foreman,
) shift supervisor, and lab supervisor. Some move 1n;:o‘ .
\\\ sales with a sizable increase in salary.
The technician does need to continue his or her
education to remain current. He or she should continue
< to learn through formal or informal means, since
tc.hnology moves fast, and the stagnant technician
quickly becomes obsolete. '

14




TABLE 1.  PROJECTED JOB OPENINGS IN GEORGIA  FOR
. H1GH-TECHNOLOGY INDUSTRY

o . ’

YEARS RANK TECHNOLOGY "Most )ikely"Average Annual:
| \ Job Openings

.

- . -
‘ 19801985 1 Computer/Computer Services 4,872 /

2 Communlcat(ons 1,884

3 Avionics coT 800 '
4 Robotics/Automation .f §43

/ 5  Fiber/Laser Optics 170 ‘

6 Biology ~ " - 80
7 Solar Ener gy ) 9
‘  1985-1996 |  Computer/Computer Services 5,472
S 2  Communications , 3,475
3 Avionics 1,074
4 Robot {cs/Automation 848
5 Fiber/Laser Optigcs .315
6 qulogy - ' 160
7 Solar Energ9" v 20

1990-2000 1| Communications 7:220 ‘
2 Computer/Computer Services 6,222
3 AJlonlcs 1,713
4 quotlcs/Automatlon ‘ 1,244
5 F iber/Laser Optics 800
6 Biology ' 450
’ 7 ’ Solar Energy I 93
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COURSES FUNDAMENTAL TO EMT :
" . | | |

This ‘section deals with those courses that are
fundamental to all programs EMT. The follo#lng
paragraphs will discuss the courses and attempt to
relate their importance to EMT. ' '

1. Mathemat{ics - The mathematics courses finclude
- practica xamples which help the student visualize

~~—_the applicaiton to his or her field. For exampie, &

O

‘technician needs to be able to solve the proplem of
what owuld hdppen to an object with forces * applied
to it at two different angles. In 'trigonometry you
will learn that this can be "soived by simple
calculations wusing right-angle triangles. The
requirements are three five-hour courses in algebra,
trigonometry, and calculus with analytical geometry.
Practically any technical field is heavily dependent
on mathematics. EMT is no exception and in fact,
good mathematical ability {s probably the best
indication of an ability to succeed in EMT. The
technical courses in EMT all to a greater or lesser
extent require the student to master the above
mathematics, to master their theories and be able to
apply them successfully.

2. Physics - Here again three five-hour courses are
required,. Physics in general is a mathematical but
generally simple way of describing our real world.
The student of EMT will be introduced: to the broad
theories of physical reality and the trlationships
that are in many cases analogous to the other
techhologies. The math and physics are part of the
broad technical base that graduates of EMT should
have. This broad supporting base tends to be much
more {immutable than some of the sqsclalzed courses
Pecul far to a particular field.

3. The Humanities or Related Courses — The required
humanity courses . are English and Compositon,

, Technical Communications, Economics, and Industrial
Relations. These courses will provide the EMT
graduate with the required skills to communfcate
effectively within modern  business or findustrial
settings. The EMT graduate needs not only to be
able to communicate in written form, but he or she
also needs to understand the nature of a business
organfzation and have the skills to effectively
fnteract with other people.

4. DC Circuits/AC Circuits/Circuit Analysis - These
basic courses are fundamental to the understanding

16
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of EMT systems which have so much that 1s electrical
in their character. The theory {n these courses
provide more of the relatively unchanging basic
foundation needed by the EMT graduate. :

Engineering Graphios - This Is required so that the
EMT graduate can satisfy the {llustrative
requtrements of technical design. It represents one

of the communication tasks of the technician.

Computer Fu%damentals -~ This course will enable the
EMT student to use a  powerful technique for the
solution of technical problems. It 1{is taken early
(First quarter) and will be useful during the entire

. program. The EMT student wil) Jlearn to program a

modern microcomputer and this skill will be used and
grow more powerful with each course as it is used.

Devices Courses - There are three required devices
courses: - (1) Electronic Devices, (2) Mechanical
Devices and Systems, and (3) Electromechanical
Devices. Thuse threg¢ courses pretty much cover the
kinds of devices or components that comprise an EMT
system. The first course would deal with such
devices as transistors, s{l]{con-controlled
rectifiers(SCR’s), diodes and similar electronic
devices. The second deals with gear systems,
pul leys, belts,- cogs, and similar mechanical
devices. The .aist deals with devices  such as
motors, generatdérs, relays, and solenolids..

Electrical Power Distribution - This course deals
with the generation. eof power and the methods of
distributing it. Stepup and stepdown ofhigh
voltages and the high voltage transmission |lines are
fncluded 1{n the theory this course. The knowledge
and skills that the EMT learns in this course might
best be put,to use in-a public power company such as

. Georglia Power Company.

Instrumentaiton and Controls - Almost any EMT system
of any sfie 'will have instrumentaiton and control
requiremnts. The ability to adjust and read
fnstruments and then to reach the correct
conclusions as to the condition of an EMT system i{s
a required skill of the EMT graduate, He or she,
after determining the sytem’s conditfion, must then
manipulate the proper controls if needed to bring
the system to the correct condition. »

INNOVATIONS AND TRENDS B -

\

-~

Two areas have shown rapid technology {mprovements

in the last few years, and they are sure to continue for

17
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the foreseeable Futqre. These areas are micrqporcessors
and their associated equipment, and robotics.

MIEROPROCESSORS
.

Microprocessors are a product of large-scale
integration (LS1) in digital design and came about as a
result ioF the spaca program. A microprocessor is a
computer central précassor on a single chip of silicon
or germanium. The first ducroprocessors were of a
four-bit (binary term) deslan and were widely used In
hand calcualtors. Subsequently a number of 8-bit
microprocessors were produced, resulting in many

so-called microcompyters. The popular TRS-80 made by

Radio Shqck is an example of such a computer. Recently
several 16-bit microprocessors have been developed,

notable are those of I[Intel and Zilog that have resultéd in

microcomputers with the Power that once was reserved for
what was called a minicomputer. Examples are éhose of
the Digital Equipment Corporation (DEC) and Data
General. DEC has made the PDOP-11 series for some years,
while Data General has produced the Nova. '

The new IBM personal computer uses the Intel apes
16-bit microprocessor and has the power of the above
minficomputers at a fraction of the cost. Even more
significant 1s the fact that Motorola is now producing a
16-bit  microprocessor with a 32-bit internal
architecture which has more power than the Intel 8086.
Intel has, however,’ designed and is nearing production

on a full 32-bit microprocessor which will result in g,

computer with the power of many of the smaller .mainframe
computers that used to be found only in the larger
unfiversities and businesses.

The advances in memory and other associated digital
devices have paralleled those of the microprocessor.
Memory chips started with numbers of memory bytes on the
order of 256. Some memory chips now have over 16,000
bytes on a single chip. (A byte is 8 bits.)

18 -
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The significance of the above - Is that cheap and
powerful digital .computers are available for all~ﬁ§rms
of automatic control. The digital computer is an ideal
control device because of {ts speed and flexibil {ty.
Changes In an automatic control setup can often be
effected by software (programming) chahges. and
software, once generated, can be used over and over.
When newer more powerful computers become available,
often only minor software changes are required %o
interface the new equipment to the automatic control -
setup. ' .

Microcomputers have had an fimpact on aimo
toal spectrum of products in America. They are f
such diverse {tems as blenders, automobiles, game
TV’s. Factories have them iIn their 'products
the!r production equipment. This is a trend that |
anything, increasing in importance.

ROBOTICS

lndustr;al robots only data back to the ®arly
1960°s and found very Ilimited applications until the.
latter part of the 1970’s. Although the term robot,
conjures up a humanlike mechanfcal creature in most
people’s minds, many industrial robots have 1ittle or no
anthropomorphic appearance. The Robot Institute of
America defines a robot as "a reprogrammable,
multifunctional manlpufator designed to more material,
parts, tools, or specialized devices through variable
programmed motions for the performance of a variety of
tasks."

"There are many exciting cevelopments in the fleld

of robotics ‘Which are on the near horizon. Several of

these will be discussed below:

1. Rudimentary Vision - Vision, which will be provided
to the robot  through the {interaction of a video
camera and & computer to analyze the video data,

will allow a robot to recognize things and also to
determine where things are. Some robots already
19
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have 1imited vision capability but none can match

the performance of a human in picking parts.out of a

basket containing many different kinds of parts. .
One thing that is helping to achieve bktitér vision

in robots 1is the more powerful but economical

computers which are available. :

2. Tactile Sensing - Tactile sensing ‘is the ability to
distinguish things through the sense of feel. It is
well established that blind pecple can be more
effective in activities that depend on a sense of
feel. So, too, the robot may compensate for a "lack
of vision by proved tactile. sensing. Where
tactile sensing is used, no anbient ‘1ight is needed
and this would result in some ®conomy. This area is
presently showing rapid development. *

: 3. Hand-to-hand Coordination - Some fndustrial
activities require that more than, one hand or
appendage be used at a time. A robot with more than
one hand or the coordination of more than one robot

. would be required, This capability exists only in a

wlimited sense at a r -=2sent, but more sophisticated
programming is bringf..y about improvements.

S
.

4. Mobility - Some Jobs could be better accomplished by - |
a8 robot that could more effectiviey rove abou ‘
within or between work - statfons. This s presently
accompl ished by rails but they do not possess the i

' programmabi 1tiy and flexibility of the robot. o

5. General Purpose Hands - No robot -hand hgs even a
small fraction of the capability of a human hand.
The .robbt hand must be changed 'often in order to
accomplish a diveristy of tasks. Res h.going on
is attempting to design robot hands that can be used
~for a wider variety of tasks. . . v P

6. Man-Robot Vofce Communication -~ As robots become T TN
more versatile and capable, the ability to '
communicate by voice with the robot will increase in
value. Present-day robots are still too simple for
voice communication to have very much payoff, but
that promises to change in the near future. The
advances in computers are pushing these advances 1in
robots closed. There is a lot of effort being made
in industry and at many universities in the field of

% artificial intelligence which will, in effect, lead
to a much more sophistigated robot. The time when
voice communications with robots will have a goog

payout is probably no more than a few years off.

" .
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Total Self—DWagnostlc Fault Training - The increased

'sophlstlcatlon and power of the new. robots of item 6 .

above will ‘also make possible this self-fault
detection. One can ook a little further ahead and
also envision self-repair for robots. At any rate
self-diagnostics should be évallable in ‘robots
within a few (2-3) years at most. It may very well
be able to show an economic payout sooner than some
of the other innovations mentioned.

Safety - Robots at present can be very dangerous {f

those who work on them are careless: More inherent

safety is desirable and probably will be included in

the robot designs of the near future. Safety is .

almost always of prime concern. The inherent safety
mentioned above refers to safety characteristics of
the  robot whereby it can detect an unsafe situation
and compensate for it. It is important to recognie,
however, that the use of robots in certain Jobs is
far better for safety, because of tRe haards of
those Jobs. : :

+
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g ELECTROMECHANICAL ENGINEERING TECHNOLOGY
. . STANDARD CURRICULUM - QUARTER SYSTEM
, AN '(SUGGESTED SEQUENCE)
: ] Contect
- . : First Quarter . Class Lab Hour
) : Computer Fundamentals 3 6 9
. Algebra 5 o S
: Englneering Graphics i | £ 1
- C 13 15 28
Second Quarter '
P Phyelce 1 ] 4 3 7
. Trigonometry ¢ -] 0 5
A.C. Circuits _ ' 4 -2 7
English & Composition -} -0 1
18 . - 26
. Third Ouerter : ,
Electronic Devices : 4 3 7
*Physics 11 . 4 3 7
Analytic Geometry and Calculus 5 o, 5
Circuit Analysis 4 i 1
) P 17 9 26
Fourth Quarter , "
Technical Communications 4 3 7
' Digital Electronics 3 3 7
‘ Physics I1 4 3 7
Elective Group 1| 4 3 1
. 16 12 28
Fifth Quarte _ '
/" Electromeéhan 1 Devices 4 3 7
4 3 7
4 3 7
l1icaitons . 4 -3 1
: r X Te 12 28
Sixt - o,
Programmable Controllers - 4 3 7
Elective Group 111 4 3 - 7
Elective Group 111 4 3 7
Elective Group 111 4 -3 1
. 16 11 27
Seventh Quarter
‘ Industrial Relations 5 o . 5
Principles of Economics 5 0‘ 5
Elective Group 1V . 4 3 7
EMT Probiems (Elective) _0 9 9
14 12 26
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ELECTROHECHANICAL ELECTIVES-

Groyp ] - (Fourth Quartor) : '

‘ Mechanical Devices & Systems .
: Fluid Power ’

Electrical Pouer & Dlstrlbutlon 1 .

. . Group Il - (Fifth Qu-rtor)
lnstrumontatlon & Controls

Fluid Power
Automatic Motor Controls l. ,
System Drawing &
" .Electrical Power & Dlstrlbutlon 11
* Feedback & Control Systemm’ '

Group 111 - (Sixth Quarter)
Micro-computer Applications 1|

Instrumentation & Controls

Thermodynamics

Feedback & Control Systems
- Robotics 1

Industrial Controls 1

AC/DC Machines |

Automatic Motor Controils . 11°

" Group lV - (Seventh Quarter)

Industrial Electronics
Industrial Controis 11

. Programmable C:ontrol ler Probl ems
Robotics 11

AC/DC Machines 11

Thermodynamics

EMT Problems

Pius, any of above not already taken

Group V - (Eighth Quarter) optional
Electronic Instrumentation

COntral Systems Analysis

Heating & A/C Controls

EMT Problems ‘

// Note Electives from MET or EET may be added to this list by
consent of program coordinator.
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It is recommended that EMT students have ths Yollowirg courses

- :

as a minisum. )

< Communications & Social Studies. ' 20 hrs.
Mathematics & Science S f 30 hfb.
Computer & Graphics _ o . 8 hrs.

Tochnic.} Core- "
D.C. Circuits 5 hrs.
A.C. Circuits | . - Shrs.
Circuit Analysis S hrs.
Electronic Devices 5 hrs.
Digital Electronics 5 hrs.
Mechanical Devices & Systems ‘5 hrs.
_ . Electromechanical Devices "+ 5 hrs.
Digital Applications R S hrs.
Instrumentation & Control S hrs.
Fluid Power S hrs.
Micro~computer Applications | S5 hrs.
Progranmable Controlier | 5 hrs,
lla_hrs.
P Electives ( 4 courses ) . 18 bhrs,
136 hrs.

28 35 '
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COMPUTER FUNDAMENTALS
COURSE DESCRIPTION
~ . | .
This course wiqliprovido students with knowledge, skills,

and attitudes to. use the microcomputer as a tool to solve
engineering technology problems typically encountered.

throughout their programs. Topics taught will {(nclude

microcomguter architecture, programming concepts, branching,

looping, ‘arrays, functions, subroutines, data files, graphics

and spplications.

. PREREQUISITE: Admissfon to the Program y
CREDIT HOURS: 3-6-5 | ' |
COURSE OUTLINE | |

l. _!;troducéion to the Class - Laborator
Microprocessor ' 3. 6 °

¢+ A. Hardware |\

B. 7erminolgy

C. Execution modes
‘D. Programs

11. Introduction to Concepts of 3 N 6
Programming '
A. Flowcharting
B. Variable types
C. Operations and formulas
D. Simple BASIC programming
E. Program comments
F. Storage and retrieval
" of programs

I11. Brenching and Looping » 3 6
A. Relationd! operations
B. Logical operations
C. Conditional branching o
D. Multiple branching ‘
E. The stop statement
F. Loops
G. Nested l100ps

IV. Arrays : 3 6
A. Lists and tables
B. Subscripted variables
' C.' Defining arrays
V. Functions and Subroutines T3 6
) A. Library functions
B. User functions
C. Defining

31
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VIiI.

Vill.

Student Contact Hours
Class Laboratory

Defining subroutines

D._ Rasndom numbers
<$’/ Referencing subroutines

Data Filles 3 6
A. Creating scquontial data .
files
- B. Using sequential data files
Engineering Applicetions 3 12
A. Electronic technology
problems
B. Electromechanical technology \
problems .
C. MHMechanical technology
- problems
Graphics 3 6

A. Drawing bar chartc
B. Graphing functions
. C. Computer—-generated 1m-gory !

/' STUDENT LABORATORIES o

»

Execute instructor-supplied simple programs. '

Develop, debug, and execute a simple BASIC program.
Save, retrieve, and execute a previously developsd
BASIC program. i .
Create a data fille, develop & program that will
manipulate the file, and produce an acceptable output.
Given a typical engineering program Iincluding all
necessary equations and data,; develop programs that will
solve the problems and produce acceptable output.
Develop, debug, and execute a program which will
produce the answers in tabular form. .
Develop, debug, and execute an interactive program.

STUDENT COMPETENCIES °

Upon

completion of this course the student will be able to:
Identify microcomputer hardware and define the
associated terms.

Execute pre-written programs.

Write, save, retrieve, and execute simple programs
"'l BASIC. .

Write BASIC programs using branching and looping
statements

Write BASIC programs manipulating data using arrays.
Write BASIC programs using library functions.

Develop functions and subroutines and incorporate them
into BASIC programs.
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e © + Write programs that use and manipulate data files.
’ ’ . Solve selected. technology problems’ using the
microcomputer. '

. Define- and {dentfy  microcomputer hardware
(mficrocomputer, koyboord. CRT, disk drlvo. cassette, °

' . printer, floppy disk). " -

. List execution modes (qxocutlon. command or immedipte,
systems, edit).
(These may differ according to manufacturer.)

. Execute a BASIC program which has been stored on a disk.

. Enter via keyboard and execute a program which has been
suppl fed by the instructor. '

. Discriminate between keywords and control words.

. Construct a flowchart which will display the logic of' a
given program or problem. »

. Determine whether or not a 1ine numbor is ncccssary ln a

. given expression.

. « Construct BASIC statements to compute given formulas.

. Write a simple BASIC program.

. List and give examples of variable types (numeric,
string, constant). .

. ldentfify symbols used for arithmetic operations
(Addition, subtraction, multiplication, division, and

: exponentation). e

N . Outline correctes structure. for BASIC . programs

| : (identification, purpose, process).

' . SAVE a BASIC program on tape or floppy disk.

L . Retrieve a program which has been stored. )

. Write BASIC statements using relational operators (less
than,greater than, less "than or equal te, greater than
or equal to, less than or greater than, equal to).

. Write BAS!C statements using logical oporator (AND, OR
NOT) .

. Write BASIC programs using lF-THEN-ELSE statements.

. Demonstrate use of STOP statement to halt program and
check progress. .

. ldentify and code algorithms involving nested lo0ops.

. Generate lists and tables using subscripted variables.

. List examples of subscripted string and numeric
variables. v .

-~ Define an array using the DIM statement. i

. List keywords used as |ibrary functions (trig functions

ABS, INT, RND, AQR).

Code a DEF FN statement.

Code algorithms using GOSUB. Q

Code statementsiusing the TAB(N) function.

Code algorithms which will accumulate.

Build a data file which contains at least five records.

Access data files which haye been previously created.

Write, debug, and execyte at least cne program which

solves a problem in the student’s major area of

interest. R
' . Plot a given point on the CRT.
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RECOMMENDED TEXTS , . : b

,Beﬁt. Robert J. and Sethares, Goorgc .C. PBasic: _AD
2’ 2nd

i. Monterey, |

Shelly, Gary and Cashman, Thomas,
Programming. Anaheim., CA: Anaheim Publishing Co., 1982.

L
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£CONOMICS
COURSE DESCRIPTION

. Basic principles of the American economic system of free
enterprise will be covered. An emphasis will be placed not
only upon . the classic economic principles, but upon
understanding these princ¢iples as they apply to current
economic trends. } The role of

"technical/technologically-oriented fndustries in the

economics of today to be emphasized.
PREREQUISITE: None
CREDIT HOURS: 5-0

COURSE OUTL INE Student Contact Hours
' “ ‘ Class Laboratory
I. Introduction (Basic Economic |
Concepts)
Il1. Economic Forces and Indicators 2
A. Economics defined
B. Modern specialization
C. Increasing production and
consumption .
D. Measures of economic activity
1. gross national product i’
2. national {ncome

3. disposable personal {ncome
4. {ndustrial production
5. emnloyment and unemployment

11l. Capital and Labor . . 3
A. Tools (Capttal) ' .
1:7the importance of saving
and {nvestment
2. the necessity for .markets

-

B. Large-scale enterprise
C. Labor
1. population characteristics .
2. vocational chéice
3. general education
4. special training
S. management’s role in
maintaining labor supply
IV. Business Enterprise 7
A. Forms of business enterprise
1. individual proprietorship
2. partnership '
3. “corporation
B. Types of corporate securities
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Student Contact Hours .
Class . Laboratory .
i. common stocks ' .
2. preferred stocks

3. bonds
C. Mechanics of financing
bus iness :
P. Plant organization and
management
V. Factors of Industrial 10

Production Cost
A. Builidings and equipment
1. initial cost and
financing . -~
2. repair and maintenance
costs
3. depreciation and
obsolescence costs
B. Materials
1. inftial cost and
inventory value
2. -handling and storage

. costs
C. Processing and production
. methods of cost analysis .
2. cost of labor ‘

3. cost of supervision
and process control
4. effect of losses in
percentage of original
product compared to
finished product (yleld)
D. Packaging and shipping
E. Overhead cor's
I. Profitability and business
survival '

Vi. Price, Competition and Monopoly 5
' A. Function of prices

/ \\ _ B. Price determination
; 1. competitive cost of product
3. supply
4. finteractions between supply
‘ and demand
! C. Competition, benefits and
consequences

1. monopoly and ol igopoly
2. forces that modify and
reduce competition ’
3. history of government
regulation of competition .
D. How competitive is our

economy?
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vVil.

VIdI.

IX.

Class
Distribution of Income . 2
A. Increasing real income .

B. Marginal productivity
C. Supply in relation to demand
D. Incomes resulting from

production

1. wages

2. Iinterest

3. rents

4. profits
E. Income distribution today
_Personal,lncome Management 2

A. G!g::mption - the core of
e fcs
B. Economizing defined

C. Personal and family budgetino
D. Analytical buyfing
1. applying quality standards
2. consumer’s research and
similar aids
E. The use of credit -
F. Housing - own or rent?

Insurance, Personal Investments 3
and Social Security \ ’
A. Insurarce defined
B. Life insurance
1. group, industrial,
ordinary
2. type of policies -
advantages and
di sadvantages
C. Casualty insurance
D. Investments
1. savings accounts and
government bonds
2. corporation bonds
3. corporation stocks
4. annufities
5. pension plans
E. Social Security
1. old-age survivor’s
insurance
2. unemployment compensation
3. medicare
Money and Banking 3
A. Function of money

" B. The nation‘s money supply
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Cl ass 7' Laboratory .
Operatlon ,

. /

C._'Organization a

of a bank
1. sources of sits L /

2. the reserve ratio /
3. expansion o b.nk
deposits
‘4. sources of reserves
D. The Federal Regerve System
l. service functions _—
2. control of money supply

€. F.D.1.C.
Xl. Government Expenditures, Federal 3 —
and Local

. A. Economic effect
B. Functions of government
C. Analyais of government

spending
D. Future outlook

E. Financing government spondlng <
. 1. criterfa of sound taxation

2. tax revenues in the U. s.“/

3. the federal and state

personal income taxes .

4. the coporate income tax .
5. the property tax °
6. commodity taxes

XIl. Fluctuations in Production,: 5
' Employment and Income
A. Changes in aggregate spending
B. Output and employment .-
C. Other factors affecting
economic fluctuations
l. cost-price relationships
2. demand: for durable goods
3. supply of coomodities
4. effects of war
5. inflation and deflation
6. technology-and automation
D. Government Debt
1. purposes of govarnment
2. how burdensome ls the

debt
3. myoblems of debt .
management
XIlIl. The Unfted States Economy in 4
Perspective - .
A. Recent economic changes
l. finflation and recessfon ‘

2. effects of trade imbalance
d 38
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Student Contact Hours
L Class Laboratory
‘8. new products and ' :

industries
4. fincrease in governmental
controls - , . '
B. Present economic problems of ‘
U.S. economy ‘ \

1. the world market
2. finternational cooperation
3. maintenance of prosperit
and progress . J//
4. economic freedom and
security : '
C. Communism: nature and
control by Soviet State ")
D. Problems common to all systems , ‘
E. Special economic problems
of the U.S. ° :

STUDENT COMPETENCIES: K

@

At the conclusion of this course, the student wil) be
able to: > _ :

O.ifine what 1. meant by economics Jn the traditional
sense and state the {importance of economics to today’s
business enterprises. .

Explain "the relationship of productivity, balance of
trade, and gross natjonal product. ,

Explain the roles of capital and labor in the Amer ican
economic system. T ) .
Contrast individual proprietorships, partnerships, and
corporations as methods of business orgranizations. |
Explain how businesses are financed.

Define and/or explain the importance of the following
terms to production' cost: capital outlay, materials,

direct labor, indirect labor, scrappage and efficliency,
materials shipping and handling, overhead, taxation and
government regulation.

Explain how free enterprise s different from
monopol istic or soclalistic economies.

Define real {income. , -
Compute real "income given gross incope and relevant.
variables, Q

Plan a personal budget.

Plan * a projected program of  personal investment,
savings, and {nsurance.

Explain the meaning of money in economic terms.

Discuss orally or in writing the effects of government
regulation on business and economics. Ty

List and briefly describe three major problems which
affect the American economy today.
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RECOMMENDED TEXTS

-
~

Amacher.  Principles of = Economigs. (Second

Southwestern Publishing, 1983.

Hefibraner and Thuran. The Economic Problem. Prentice-Hall,

Edition).

1981.
Olsen and Kennedy.." 3 ‘ 7 '
(Nfneth Edition). Southwestern Publishing, 1978.. ' -
Theussen, et al. Engineering Economy. (5th Edition).
Prentice-Hall, 1977., : b ~ .

L4
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_ ENGLISH AND COMPOSITION
. ' COURSE DESCRIPTION . . -

: This course s dosign.d to enhance the student’s skill
" in writing, grammar usage and composition. Topics for student

exercises may be chosen
experienced in technical ‘courses.
to’ iIntegrate basit communication ski
technic subject  ateas. Topics to.
' ‘ : grammar, wrlting skillis and composition.

) . PREREQUISITE:
CREDIT HOURS:
. COURSE OUTLINE

4
e

Admission to Program -
'5-035 .

Communications and the
Technician

A. Why the technlcian must be
proficient

Importance of written
communications as an

N
' . - . .. essential skill
. C. Study skills

from materfial

@ °

R4

3.

gptetaklng skills
o

llowing written and )

oral instructions
test-taking skillis

be covorod incliude
Class Laboratory
s ,
| \
47

1l1. Composition (Emphasis on
Student writing)
A. Diction
B. Sentehce Réview
1. review of basic parts

of speech

' 2. complete sentences
.3. use and placement of
modifiers, phrases,
clauses
.4. sentence conciseness
5. exercises in sentence

structure,
Grammar usage
1. capitalization

o

-~w2. punctuation
3. subject-verb agreement
D. Paragraph construction
. 1. topic sentence, «
2. development
41

47

discussed or

Course material will serve

11s with studies In



4. <transistional devices
« . E. 'Narration, description, and
.exposition ~
P. Theme construction
l. thesis statement ’
2. transitions
. 3. conclusions

3. unity and coherence ' ‘

~ STUDENT COMPETENCIES .
At the canclusion af tha'course. }ﬁ' student will be able to:

. Explain the naad for effective written communication and an
asppreciation for the writing process.
. Use effective techniques for taking notes,. following
instructions, and taking tests. ,
. Analyze the ideas in essays related to technology and
. soclety.
. : Recognize and articulate multiple po!nts of view.
Use commonly misused words correctly in basic santqpces.
Punctuate, capitalize, and spell correctly.
Recognize and write simple, complex, compound. and
comp | ex—compound sentence structures. .
. Rewrite ambiguous, - wordy statements.. into clear, terse

sentences.

. Racogniza and write paragraphs using variad organizational ‘ .
techniques (cause and effect, description, definition, and ‘
so on).

. Write paragraphs containing well-defined topic aentancas
and develop each paragraph ‘fnto & unified whole.: ¢

. Use transitional words and paragraphs to achieve coherence
and unity in writing. .

. Organize <thoughts during the pre-writing stage uslng a -
written outline.

. EFFactIvely write a unified. well-developed five paragraph

" theme following standard Engl{sh grammer usage.

~

RECOMMENDED TEXTS

Hodges, John C., Whiten, Mary E., Haf ]
9th ed., New York, Harcourt, Brace, Jovanovich, 1982.

Lynch, Robert E. Wnd Thomas, B. Swanzey, eds. The Example of

Science:  An _Anthology for
Englg:aod Cliffs, NJs Prentfice—-Hall, 1981.

Watkins, Floyd C. and Martin, Edwin T., Practical Enalish
Handbook, Boston, Houghton Mifflin.
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\\. . mousmw. RELATIONS
COURSE DESCRIPTION ) |

This course  includes the study of the bpsls of humen
reaitions and the orgasnization of individual and group
behavior. Lpadership, organizational and social environments
(including 1labor unions). career development, communications
and. group processes’as well as selected operating activities
are covered. Appropriate case problems are reviewed and
discussed. Special emphasis is placed on typical {ndustrtal
- and-business relationships in everyday situations. ,

PREREQUISITE: None
CO-REQUISITE: None

CREDIT. HOURS: 5-0-5*

COURSE oun’.mt-:

-

Student Contact Hours

4 Class Laboratory
I. Fundamentals of Organizational 4

Behavior .

A. Working with people -

B. Mainsprings of motivation " - _ :

C. Social systems : .

D. Morale information and its use

E. Developing a sound behavioral ’

climate ; _
I11. Leadership and Its Development 6
A. The leadership role . .

B. Effective supervision
C. Deuvelopment of participation
0. Human relations traintng

I111. Organizational Environment 6
A. Organizational structures .
Bs Organizational dynamics
C. The individual in the
organization .
D. Informal organization

IV. Career Development in 6
Organizations .
A. Understanding career
mot {vation

B. Making career chofces

C. Attitudes and advancement

D. Career development and
management practices
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V.

vVi.

sStudent Contact Hours
. A _ \ Class " Laboratory
Social Environment = _ 4 : ,
- A. Labor .unions :\\ '

B. Working with unlons s\
C. Employment discrimination °
D. Managing scientific and ~

- .professional employees
E. Hanaalng employees in

. international operations N
Communlcations and Group 10"
Processes :

A. Communlcatlon with employees .
8. Communication groups

C. Counseling and interviewing :
D. Group dynamics ° N
E. Managing change . .

Vil. Operating Activities 4
A. Appraising and rewarding
performance
B. Using economic lncontlve
systems
C. Integrating work systems with
people
D. Understandlng automatlon
E. Organizational beha&lor in . v
perspective A/
Vill. Case Problems in Technical 10
Organizations
STUDENT COMPETENCIES \

At the conclusion of the course, the student will be able to:

List and describe 5 fundamental componenets of a sound
organizational environment.

Expiain the critical role of leadership in daveloplng an
organizational climate.

Describe the characteristics of an effective leader.
List 4 basic types of organizational structures.

Diagram an organizational structure and label components.
Develop a personal career objective and explaln the
rationale for the choice. i |

Discuss and evaluate the impact of unifonization on the
U.S. economy.

Explain the tmportance of interpersonal communication in
an organization.

List and describe the varfous types of comunication
that are important at work.

’ a4 50
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N .' . . Explain the possible impact of automation on ‘the people -

in an organization.
. Effectively’ formulate solutions to or%anizatior&l
‘ ¥ problems presented by the instructor.: "

RECOMMENDED 'PEXTS

Yodar and Standohar, Personnel Management and Industrial
Relations, Englewood Cliffs, NJ, Prentice-Hall, 1982.

Armine et al., Manufacturing Organization and Management,
Englewood Cliffs, NJ, Prent.ce-Hall, - 1982.

i Everand and’ Shilt, Business Principles and Management.
' Southwestern Publishing, 1979.

‘ BN

-
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4
TECHNICAL COMMUNICATIONS

Technical Communications will provide the student with
working knowledge of the use of communication techniques,
procedures, and formats used in fndustry and business. The
-student will learn accepted methods of describing devices and
Processes, and of making oral and. written technical
presentations. Also, proper use of written manuals, guides,
specifications, and vendor {instructions will be reviewed.

PREREQUISITE: English and Composition
CREDIT HOURS: 5-0-5 ’

COURSE OUTLINE Student Contact Hours
Class Laboratory

‘1. Introducing Technical ’ 3
‘Communications
A. Purpose of course
B. Definition of technical
writing
C. Basic principles of
technical writing

D. Style
' 1. audience
2. purpose

3. scientific attitude
) E. Introduction to oral
communication

lI. Conducting Research , 6
A. Completing preliminary steps
B. Assembling sources
1. searching sulyject
heading {ndexes
2. using the card
catalog
3. consulting specialized
guides
4. locating bibliographies
5. using {indexes and
abstract services
6. using re“erence materisls °
C. Using research results
1. taking notes .
2. assembling an annotated
bibl fography >

Il1l. Planning the report 5
A. Outlines
l. 2utlining effectively

2. rules for formal outlines
B. Abstracts and introductory

summaries P
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Student Contact Hours

. Class Laboratory

1. types of abstracts '

2. suggestions for writing
abstracts

IV. Writing Definitions
' A, What should be defined
1. familiar words for A
unfamiltiar things
2. unfamiliar words for
familiar things
B. How-definitions are constructed

1. informal ’
2. formal '
a. class
b. distinguishing
characteristics

c. summary of formal usage
: ‘d. additional suggestions
: for formal usage
3. amplified definitions
C. Where definitions should be placed

V. Describe Mechanisms

A escribing mechanisms

B. omponents of the description
of a mechanism
1. -some potential problems
2. specifications

C. Descrlang mal functions .of
a mechanism

. Vi. Describing Processes
¢ : A. Describing a process
B. Problems encountered in
describing a process
; C. ‘Instructions fn a process
/ D. Describing malfunctions of
a process

VII. Putting Skills into Practice:
Writing a Formal Technical
Report -~
A. Writing the rough draft
1. prefactory pages
2. body of the report
3. appendix
8. Editing the rough draft
C. Producing the final copy ‘

VIiil. Presenting an Oral Technical
Report
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A, Oral and visual aspects
of technical communications
8. Oral presentatlons and
activitfes
l. oral reports and
presentations
2. leading conferences and
group discussions
C. Visual {liluystrations
1. what {llustrations can do
2. types of {lidstrations
D. Presenting the oral report

STUDENT COMPETENCIES

+ . Explain the importance of technical communications to the
engineering technician.
. Use appropriate reference materials in preparing &

technical report.
« Write a formal and an {informal outline for a technica!

report.

. Write an abstract for a technical report.

. Write appropriate definitions of technical terminology.

. Precisely descrlbe the charagteristics and components of

- mechanisms.

. Precisely descrlbe the characteristics and componenets of
processes. . . '

. (Prepare a formal technlcal report using accepted formats

. and style. _
.« Delfver orally an f{nformative persuasive technical

presentations using sgpportlve visual aids.
RECOMMENDED TEXTS

8renner, Ingrid, Mathes, J. C. and Stevenson, Dwight. The
Jechnician As Writer. Indianapolis: Bobbs Merrill, 1980.

‘Messer, Ronald. Style in Technical Writina. Glenview, I1s
Scot.-Foresman, 1982,

Sherman, Theodore and Johnson, Simon. Modern Technical

Writing, 4th edition. Englewood Cliffs, NJ: Prentice
Hall, 1983.

()
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‘ . MATHEMATICS AND SCIENCE COURSES




ALGEBRA
CNJRSE DESCRIPTION

This course, is designed to develop and update algebraic
skills required for engineering technicians as opplied to the
solution of practical problems encountered in electrical,
mechanical, thermal, hydraulic, pnesumatic, and opticel
technologies. Topics to be covered include funetions and
graphs, linear”~ equations, determinaents, factoring,
quadratics, and the solution of right triangles.

PREREQUISITES: Admission to Program
CREDIT HOURS: 5-0-5

COURSE OUTLINE Student Contact Hours
Class Laboratory
. Fundamental Concepts and 13
Operations '
A. Numbers and |iteral.
symbols
B. Fundamental laws of
algebra _ .

C. The laws of exponents
D. Scientific notation
E. Exponents and radicals
F. Addition ana subtraction
of algebrajc expressions
G. Multiplication and division
of algebraic expressions ~ \
H. Equations and formulas

Il. Functions and Graphs 6
A. Functions
B. Cartestan coordinates
C. Graphing functions
D. Solving equations
graphically

I1l. Linear Equations and i1

Determinants

A. Linear equations

B. Graphical solution of
systems of two |{inear
equations {n two unknowns

C. Algebraic solution of
systems

D. Solution by determinants
of systems of two |{near
equations in two unknown3s

E. Algebraic solutions of three
l{near equations in three
unknowns
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F. Solution by determinants of,
systems of three |inear
equations Iin three unknowns .

Iv. actoring and Fractions ' 10
A. fal products '
C. Simplifying fractions R
D. Multiplication and division
of fractions
F. Addition and subtraction
of fractions
V. Quadratic Equations 5
A. Quadratic equations.
Solution by factoring
-B. Completing the square
C. The quadratic formula
Vl. Vvariation (optional) éq.,
A. Direct
B. Inverse
C. Joint

STUDENT COMPETENCIES

At the concluston of this course, the student will be able
to:

Write concepts mathematically using numbers and symbols.
Perform mathematical operations using the fundamental laws
of algebra and the laws of exponents and radicals.

Make mathematical computations using scientific notation.
Perform algebraic operations of addition, subtracticn,
multiplication, and division on algebraic expressions.
Perform basic mathematical operations on equations and’
formulas to solve for any given variable.

Graph reiations and functions with two variables.
Graphically solve two |inear equations with two unknowns.
Algebraically solve twoc |inear equations with two unknowns.
Use determinants to solve three linear equations in three
unknowns. .

Identify the general form of first, second, and third
degree equation products in three unkrwns,

Facctor into prime factors alaebralc expressions contalining
common monomial factors.

Factor the difference of two squares.

Factor trinomial expressions.

Factor perfect square trinomfals.

Change a given algebraic fraction into a specified
equivalent fraction.

54 57
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« Perform operations of addition, subtraction,
‘ multiplication and division on algebraic fractions.

Solve equations containing algebraic fractions.

Solve quadratic equations by factoring.
Solve quadratic equations by completing the square.
Solve quadratic equations by use of the quadratic formula.
Define trigonometrtc functions using the standard
triangle. :
. Solve right triangles.

RECOMMENDED TEXTS

Clar and Hart. : 6 Engl ewood
Cliff, N.J.: Pretice-Hall, Inc. .

) o’
Paul and Shaevel. ’Essentials of Technical Mathematics with
——Coaloulus, Englewood CI{iffs, NJ.: Prentice-Hall, Inc.

Washington, Allyn J.
legglvg* 3rd Edition. Benjamin Cummings.

¢

-
1
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4
. ANALYTIC GEOMETRY AND CALCULUS

COURSE DESCRIPTION

. -&S£
This course s &a survey course designed to develop
analytic ' geometry and <calculus skills required for
engineering technicfans as applied to the solution of
practical problems encountered {n electrical, mechanical,
thermal,  hydraulic, pneumatic, and optical technologies.
Topics to be covered include analytic geometry,. derivatives,
integrals, differentiation t;pd integration of polynomial
functions and transcendent®l functions and Integration
techniques. :

PREREQUISITES: Algebra, Trigonometry
CREDIT HOURS: 5-0-5

COURSE OUTLINE _ Student Contact Hours
: . Class Laboratory
I. Elements of Analytic Geometry 8 '

A. The straight li{ne
B. The circle

C. The parabola

D. The ellipse

'E. The hyperbola

I1l. Sequences and Serfies (optional) ' 2
A. Finite sequences and serfes
B. Infinfte sequénces and series
C. Limit of a sequence or series

I1l. Derfvatives and Applications 15
A. Limits
B. The slope of & tangent to
a curve

C. The der{vative

D. Derivatives of polynomials

E. Derivatives of products -
and quotients of functions .

F. The derifvative of a
power of a function

. G. The deri{vati{ve as

a rate of change

H. Maximum and minfmum problems

I. lmplicit differentiation

IV. Integration and Appl{cations 15
A. Differentials and fnverse ’
* differentiation

B. The {ndefinfte {integral
C. The area under a curve
D. The definite integral
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Student Contact Hours
~ Class Laboratory .
E. Finding area by integration g
F. Volume by integration .
G. Applications for the integral
. H. Trapeziodal rule or rectangula
method for approximating areas
W(optional)

V. Differentiation of transcendental 8

v functions

' A. Derivatives of the sine and
cosine functions

B. Derivatives of the other
trigonometric functions

C. Derivatives of _he inverse
trigonometric functions

D. .Derivatives of the exponential
and logarithmic functions

Vi. Integration Techniques (Optional) 4
A. The genral power formula
B. The logarithmic and
exponential form
C. Basic trigonometric forms

D. Integration by parts
E. Integration by substitution ‘
" F. Use of the tables.

STUDENT COMPENTENCIES

At the conclusion of this course, the student, will be able
to:

. FInd the straight-line distance between two pcints on a
graph.

. Define and find the slope of a line.

. Write <the equation of a straight-line given various
properties of the 1ine such as points on the line, slope
and/or {intercepts. )

. Define a circle and write the equation of a circle with
the center at (0,0) and with the center at any
coordinate (x,y).

. Define and derive the equation of a parabola given
appropr {ate data.

. Define and derive the equation of an ellipse given the
appropriate data.

. Define and derive the equation of a hyperbola given
the appropriate data.

. FInd the sum of a finite arithmetic or geometric
serfies and of other finite series.

. Find the nth term of a sequence.

. FInd the sum of an Infinite geometric series {f one .

-

exists.
. ldentify convergent and dfvergent sequences and series.
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. Find the limit of an (;flnlte sequence or serfes if it
exists.

« Find the Vimit of an Infinite sequence or series If it
exists. :

Determine 1f a functiorn is continuous.

Determine the 1imits of a function if they exist.

Find the slope of the tangent to a curve.

Define and find the derivative of a function.

Derive the derivatives of products and quotients of

functions.

Derive the derivat¥ve of a power of a function.

Use differential calculus to solve problems involving

rate of change.

Use differential calculus to solve maximum and mlnlmum

problems.

Use implicit differentiation to solve applled problems.

Find the differential of a function.

Find the antiderivative of a function.

Define and find the indefinite integral of a function.

Find the area under a curve.

Jefine the definite integral of f (n).

Find volume by integration.

Apply integral calculus to solve problems involving

moments of fnertia, work, average values, etc.

. Compute derivatives of the sine and cosine functions.

. .Compute derivatives of the other trigonometric

functions. ¢ .

. Compute derivatives of .the inverse trigonometric
functions. .

. Compute derivatives of the expone.itial logarithmic
functions. -

- Integrate furctions by use of the general power
formula. '

. Integrate functions in logarithmic and exponential
form.

Integrate the trigonometric functions.

Perform integration by parts..
Perform integration by substitution.
Perform integration by use of pables.

. e o )

RECOMMENDED TEXTS

Clar ant"Hart, Mathemat/ics for the Technologies. Eng!ewood
Cliffs, NJ: Prentice-Hall.

Paul and Shaevel, T ni

Calcylus, Engiewcod Cliffs, NJ: Prentice-Hail.
Washington, Aliyn Jeo i ics
Calcylus, 3rd ed., Benjamin Cummings.
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| TRIGONOMETRY s
COURSE. DESCRIPTION

This course is designed to develop trigonometric skills
required for engineering technicigns as applied to the
solution of practical problems encountered in electrical,
mechanical, thermal, hydraul {c, pneumatic and optical
technologles. Topics to be covered include trigonometric
functions of angles, vectors, solutfions to oblique triangles,
graphs of trigdnometric functions, jJ-Operator, {dentities,
inverse functions and logaritnms.,, exponents and radicals and
additional solutions to systems - and equatlons.

PREREQUISITE: Algebra
CO-REQUISITE: NONE
CREDIT HOURS: 5-0-5

COURSE OUTLINE Student Contact Hours
Class . Laboratory
lI. Trigonometric functions
of any angle ) 4
A. Signs of the
trigonometric function
B. Radian
C. Applications of the use
‘of radian measure

I1l. Vectors and trlangles -7 .
A. Vectors
B. Application of vectors
Oblique triangles
0.5 The law of sines
E.° The law of cosines

I1l. Graphs of the Trigonometric

Functions

A. Graphs of Y=A sin x
and Y=A cos X

B. Graphs of Y=A sin bx
and Y=A cOS bx

C. Graphs of Y=A sin (bx+c) and
Y=CSC X

D. Graphs of Yatan X, Y= ¢ e
Yasec X, Y=CSc X

E. Application of the
trigonometric graphs

F. Composite trigonometric curves

L4

1V. Exponents and Radicals 7
A. Positive Integers as exponents
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lv.

VIil.

VIll.

IX.

. Class

8. Zero and negative integers

as exponents
C. Fractional exponents
D. Simplest radical form .
E. Addition and subtraction

of radicals . .
F. Multiplication and division

of radicals
The Jj-Operator 9

A. Imaginary and complex numbers

B. Operations with complex
numbers _

C. Graphical representation of
complex numbers

D. Polar form of a complex number

E. Exponential form of a
comp ;. @x number

F. Products, quotients, powers
and roots of cggplex numbers

Properties of Trigonometric 4

Functions

A. Fundamental trigonometric
identities

B. Sine and cosine of the sum and
di fference of two angles

C. Double-angle formulas

D. Half-angle formulas

E. Trigonometric equations

The Inverse of Trigonometric 2
Functions
A. Inverse trigonometric
functions v
B. Principal values
Logarithms 5
A. Exponential and logarithmic
functions '
B. Graphs of Y = b and '
Y = log x

C. Properties of logarithms

D. Logarithms to the base 10

ExgéLogarithms to the base e
Solutions of the exponential
‘and logarithmic equations

Additional Solutions to : 6

Equations and Systems of
Equations

A. Graphical solution of
syatems of equations
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. B. Algebrafc solution of
. systems of equatfons
,C. - Equations {n the . -
quadratic form ‘
D. Equations with radicals

STUDENT COMPENTENCIES

At the conclusfon {f this course, the student will be able
to: ‘ '
- Define the six trigonometric functions.
- . Determine the sign of the function of an angle.
- Find the value of a given function of an .angle.
. Find the value of the angle of the inverse trigonometric
function. - '
. Convert between systems of angular measurement.
. Make trigonometric computations with angles measured In
radians. : _
. Define vector quanities and give examples.
. Graphically .represent a vector. ‘
. Graphically = add and subtract vectors.
. Use vactors to solve problems by resolving vectors into
: rectangular components,
. . Solve oblique triangles using the laws of sines. .
. Solve oblique triangles using the law of cosines.
. Graph the trigonometric functions ¥ = A sin x and Y = A 1\

4 cOos X.
‘ . Graph the trigonometric functions Y =sin (bx + c) and Y
= A cos (bx +C). » :
. Grdph the trigonmetric functions = A sinbxand Y = A
i cos bx. ' '

. Determine amplitude, perfod, and phase of periodic
(sfnusofdal) motion.

. Graph the trigonometric functions Y = tan x, Y = cot X
Y ="sec x, Y = csc x. ti\ ’

« Describe varfous types of mot
curve.

- Graphically combine two or more trigonometric curves.

v . Perform operations {nvolving algebraic expressions

containing fractional components. :

« Reduce radicals to simplest form.

. Perform operations wtih algebraic expressions containing
fractional components.

. Define and describe the complex number system.

. Perform complex numbers graphically.

. Represent complex numbers graphically.

on iq terms of the sine

Write complex numbers {n polar form.
Write complex numbers in exponential form.
Calculate the product, quotient, powers, and roots of
complex numbers. .
. . Recognize and verify the basic trigonometric fdentities.
. Prove the vailidity of trigonometric equations by means
. ‘of the trigonometric identities.
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. Compute the sine and cosine of the sum and differequaof
two arflgles:

. Compute the value of the sine and cosine of the double
angle.

. Compute the value of the sine and cosine of the half
angle. °

. Recognize and deflne inverse trigonometric functions.

. Compute the principal value of a given trigonometric

function.

Recognize and define an equation in exponential form.

Recognize® and define an equation in logarithmic form.

Graph exponential and logarithmic functions.

Perform algebraic operations with logarithmic

expressions using the properties of a logarithm.

Write a number as a 1ogarithm to the Base 10.

Write a number as a logarithm to the Base ¢.

Solve .exponenetial and logarithmic equations.

Graphically solve systems of first and second degree

equations with two variablg:.

- _ RECOMMENDED TEXTS

Clar and Hart, Mathematics for the Technologies. Englewood
Cliffs, NJ: Prentice-Hall.

Paul and Shaevel, T M
Calcylus. Englewood Cliffs, NJ: Prentice-Hall.
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PHYSICS 1
COURSE DESCRIPTION

A practical approach towarc the concepts of force, work,
rate, and power 1{s presented in Physics I. Students are
shown, by classroom demonstration, how these four ‘concepts
are applied to the four energy systems - mechanical, fluldal,
electrical, and thermal - and then will perform laboratory
experiments that relate each concept to the four energy
systems. ' ~

"PREREQUISITEs Admission of Program

CO-REQUISITE: Algebra
CREDIT HOURS: 4-3-5 .

COURSE OUTL INE Student Contact Hours
Class Laboratory
l. Introduction 5 5
A. ldentification of energy
systems
B. Review of simple :
mathematics .
C. Review of basic concepts
of physics
Il1. Force 10 10

A. Mechanical systems
l. linear force
2. units of mass and force
3. forcelilke quantities
4., torque
B. Fluidal! systems '
. l. pressure . ‘
2. density/pressure relationships
C. Electrical systems
l. electromotive force (EMF)
2. methods of producing an EMF
D. Thermal systems
1. temperature difference
2. temperature scales

IIl. MWork 10 5
A. Mechanical systems
i. mechanical work,
translational
2. mechanical work,
rotational
B. Fluidal systems
l. pressure/volume
relationships
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student Contact Hours
Class Laboratory .
2. energy considerations :
. C. Electrical systems
1. charge movement and EMF
2. conversion factors for
electrical systems
3. current
D. Thermal systems
1. heat flow rate
2. heat measure
3. change of state
IV. Rate ! 10 5
A. Mechanical system
1. speed and velocity,
| inear motion
2. acceleration, |inear
3. rotational motion,
angular velocity
4. angular acceleration ‘
B. Fluidal systems
1. volume flow rate
2. mass flow rate
C. Electrical systems
1. current

2. AC/DC .
D. Thermal systems .
1. heat energy transfer

2. heat flow rate

V. Power 5 5
A. Power equations
1. power defined
2. basic equation form
B. Efficiency
C. Mechanical systems
1. transiational
2. rotational
D. Fluidal systems
E. Electrical systems
F. Thermal systems

STUDENT COMPETENCIES

. Define the following physical quantities and, where
applicable, state their units {n both SI (lhternational
System of Units) and English, System of Units:

Force
Torque .
Pressure

Voltage
Temperature Difference .

. Given two or more mechanical forces acting along the
same line, determine the resultant force.
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. Glven two of the following quantities in a mechanical
rotational system determine the third: :

Force
Lever Arm
Torque
Given two of the following quantities in a fiuld system,
determine the third:
Force
Area
Pressure -
Given two of the following quantities in a fluid system,
determine the third:"
Pressure
Height of fluid .
Weight density
Given two or more voltage sources connected in series,
determine the resultant voltage.
Given a temperature in either degrees Celsius or degrees
Fahrenheit, determine the equivalent temperature on the
other scale.
Describe how pressure {n fluidal systems, voltage ' in
electrical systems, and temperature difference {n
thermal systems are similar to force and torque in
mechanical systems. :
Describe the conditions that must be met for equf!librium
in each of the following energy systems:
Mechanical R
Fluidal
Electrical
Thermal
Define work and energy in general terms that:apply to
any energy system, and distinguish work from energy in
the following systems: '
Mechanical transliational
Mechanical rotational ,
Flufdal 3
Electrical '
Thermal :
Define the following units of work and energy
Foot—-Pound *
Calorie ‘
British thermal unit
Joule -
Define the following terms and explain their usefulness
in determining work done:
Radian (mechanica! system)
Current(electrical system)
Specific heat (thermal system)
Heat capacity (thermal system)

. Glven two of the 'following quantities {n a mechanical
translational system, determine the third: %

Force
Displacemnt
Work
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. Given two of the following quantities in a mechanical’
rotational system, determine the third: ‘
Torque
Angular displacement
Work

. Given two of the following quantities in a fluidal

system, determine the third:
Pressure differnece
Volume displace
Work

. Given two of the following Qquantities in an electrical

system, determire the third:
Voltage )
Charge transferred
Work -

. Given the temperature: difference across a unifocrm
thickness of a substance, the dimensions of the
substance, and its thermal conductivity, calculate the
heat flow rate through the substance.

. Given two of the following quantities in a thermal
system, determine the third:

Temperature change of object
Heat capacity of object
Work (heat energy transferred)
. Define and give examples of:
Latent heat
Sensible heat t.
. State the general equation for work, and explain how it
applies to each of the following energy systems:
Mechanical translational
Mechancial rotafitonal
Fluidal’
Electrical
Thermal
« . Define the following rates and, where applicable,
express their basic units both in S1 and Engl {sh systems
of units:
Speed and velocity
Acceleration
Angular velocity
< Angular acceleration
Volume flow rate
Mass flow rate
Electric current
Heat flow rate ,

. In & linear mechanical system, gfven &11 the quantities
except one in each of the following groups, determine
tha2 unknown quantity:

Displacement. elasped _ime, velocity

Inftial velocity., final velocity,

elapsed time, ac . ‘ieration

Mass, force, acceleration ‘
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In a rotationai mechanical system, given all the
quantities except one in each of the following groups.,
determine the unknown quantitys

Angular displacement, elapsed time,

angular velocity / Initial angular

velocity, final angula velocity, .

elapsed time, angular accelaration
In a fluidal system, given all the quantities except one
in each of the following groups, determine the unknown
quantity:

Volume of fluid moved, elapsed time .

velume flow rate / Mass of fluid moved ,elapsed

time, mass flow rate
Given two of the following quantities in an electrical
system, determine the third:

Charge transferred

Elapsed time ‘

Current \
Given two of the following quantities in a thermal system,
Determine the :

Heat energy transferred

Elapsed time

Heat flow rate
State the general equation éor rate, and explain how it
applies to each of the Followlng energy systems:

Mechancial translational

Mechanical rotational

Fluidal -

Electrical

Therma! :
Define "power" as {t applies, in general, to all energy
systems; and equations that relate work,elapsed time,
force, and rate to power {in these energy systems:

Mechanical system

Fluidal system
. Electrical system
List for each energy system the SI and English units
used to define power,
Given any two of the following quantities {n any energy
system, determine  the third:

Work(or force-1{ke quantity x

displacement - 1i{ke quantlty)

Elapsed time

Power
Given any two of the following quantities in any energy
system, determine the third:

Force-like quantity

Rate

Power
Define the following terms:

Input power

Output power

Efficiency



RECOMMENDED TEXTS

Cord, Unified Technical Concepts. Waco, Tx:
Occupational Reasearch and Development, 1980.

Dierauf, Edward J.,Jr., and Court, James E.
Jn __Applied Physics.,
Prentice-Hall, Inc., 1979.

s
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PHYSICS 11
COURSE DESCRIPTION

»

. " ’ 1

The second quarter of Physics buflds on the foundation
developed 1In the first quarter by presenting concepts
of magnet{sm, resistance, energy, momentum, force
transformers, and energy converters. The course balances
theory related to thele six concepts with practical hands-on
experience fin working with associated devices in the four
enargy systems (mechanical, fluidal, electrical, and
thermal).

PREREQUISITE: Physics 1|

COREQUISITE: Tr igoncmetry
CREDIT HOURS:s 4-3-5

COURSE OUTLINE

Class Laboratory
I. Magnetism 5 5
‘ A. Magnetic theory
B. Magnetic fields and
flux
ﬂé% C. Comparison of magnetic
° and electric circuits
1. Resistance 10 5

A. Mechanical systems
1. dry friction
<. static and kinetic
friction
B. Fluidal systems
1. fluid resistance in
pipes )
2. viscosity
C. Electrical systems
1. Ohm’s Law
2. resistivity of conductors
D. Thermal systems
1. thermal resistance
2. finsulation

I1l. Potential and Kinetic Energy 10 5
A. Mechanical systems
1. transiational
2. rotatfional
B. Fiuidal systems
. wvolume/mass conversion
2. Bernoulli’s equation
C.. Electrical systems
1. charge relationships
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‘ .
S Student Contact Hours '
s .y Class - = |Laboratory ‘
. 2. capacitors , )
D. Thermal systems :
IV. Momentum ' 5 5.
A. Linear momentum
ol B. Impulse and momentum
. change
C. Angular momeritum
D. Momentum in fluidal systems
E. Conservation of momentum
' gorce Transfdrmers 5 . 5
A. Principles of force
transformers

\

B. Mechanical systems

1. the pulley

2. the lever

3. the inclined place

4. the screw

5. the wheel 1and the axle
C. Fluidal systems.

1. the hydraulic 1ift

2. mechanical advantage of . ,

a8 hydraulic 1ift :
D. Electrical systems - .
' electrical transformers :

Vi. Energy Converters : 5 5
A. General cons‘'derations and
background

B. Converters of mechanical
input energy
C. Converters of fluidal input
‘ energy
. 1. mechani~al output energy
2. electrical output energy
D. Converte -~ »f «.ectrical
input eni . 1y
1. mechanical output energy
2. thermal ~*pu’® energy
3. optical cutput energy .
E. Conve: cers of thetmal
fnput energy
1. mechanical output energy
2. thermal output energy
3. optical output energy
F. Converters of optical input

energy
1. electrical output energy
2. thermal output energy .




]
)

STUDENT COMPETENCIES -

2etermine the direction and strength of a magnetic
feld.

Examine how the concepts of force, parameter, rate, and
resistance apply to magnetic circuits.

List and describe different types of magnetic material.
Calculate magnetic field strength, or magnetic flux of
an area.

Explain the effect. magnetism has in each of the energy

- systems.

Describe the effect of magnetic forces exerted cn

moving charged particlies in a magnetic field.

Compare simple magnetic and electric circuits using the
unified concepts.

Given two of the following quantities (n a8 fluid system

determine the third:

Pressure

Height of fluld

Weight density
Given two or more voltage sources connected {n serles,
determine the resultant voltage.
Given a temperature {n either degrees Celsius or degrees
Fahrenheit, determine the equivalent temperature on the
other scale.
Describe how pressure in fluidal systems, voltage In
electrical systems, and temperature difference {n
thermal systems are similar, to force and torque In
mechanical systems.
Describe the conditions that must be met for equilibrium
in eacih of the following energy systems:

Mechan{cal

Fluidal

Electrical

Thermal , !
Define work and energy in general terms that apply to
any energy system, and distinguish work from energy in
the following systems:

Mechanical translational

Mechanical rotational

Fluidal

Electrical

Thermal
Define the following units of work and energy

Foot-Pound

Calorie

British thermal unit

_ Newton-Meter Joule

Define the following terms and explain their usefulness
in determining work done:

Radfan (mechanical system)

Current (electrical system)

i
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Jgpeclfic heat (thermal system)
Heat capacity(thermal system)
Given two of the following quantities in a mechanlcal
translational system, determine thelthird:
Force
Displacement
Work
Given two of theé following quantities in a mechanical
rotational system, determine the third: '
Torque
Angular displacement
wWork
Given two of, the following quantities in a Fluidal
system, determine the third:
Torque
Angular displacemnt
Work
Given two of the following quantities in an electrical.

*aystem, determine the third:

Vol tage

Charge transferred

work
Given the temperature difference ‘across a unfiform
thickness of a substance, the dimensions of the
substance, and its thermal conductvity, calculate the
heat flow rate through the suostance.
Given two of the following quantities in a thermal
system, determine the third:

Temperature change of object

Heat capacity of object

Work (heat energy transferred)
Define and given examples of:

Latent heat

Sensible heat .
State the general equatfion for work, and explain how it
applies to each of the following energy systems;

Mechanical translational

Mechanical rotational

Fluidal : .

Electrical

Thermal - ,
Define the following rates and , where applicable,
express thier basfic units both In SI and English
systems of units:

Speed and velocity

Acceleration

Angular velolﬂty

Angular acceleration

Volume flow rate

¢ Mass flow rate
Electric current
Heat flow rate

[ 4
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_ . In a linear mechanical system, given all the quantities
‘ except one in each of the following groups. determine
the unknown quantity:
Displacement, elapsed time,velocity
dnitial velocity, final velocity,
elapsed time, acceleration
Mass, force, acceleration _

. In & rotational mechanical system, given all the
quantities except one in each of the Followlng groups,
determine the unknown quantity:

Angluar displacement, elapsed time, an,ular
velocity/ Initial angular velocity, final
angular velocity, elapsed time, angular
acceleration

. In a fluidal system, piven d11 the quantities except one
in each of the following groups, determine the unknown

quantity: _
Vvolume of fluid moved, elapsed time volume
filow rate, mass fluid moved, elapsed flow rate

. Given two of the following quantities in an electrical

system, determine the third:
¢ Charge transferred
Elapsed time T
Current '

. Given two of the Followlhg quantities in a thermal
system, determine the third:

‘ Heat enerny transferred
Elasped time
Heat flow rate

. Define resistance in a general way, and state the final
form of the energy expended when a force:ike quantity
does work to overcome resistance i{n an energy system.

. Calculate the magnitudes of starting and sliding

. frictional forces, given the mass or weight of the
object, the coefficients of friction, and the angle of"
fncliine.

. Given the two of the following quantities i{n fluidal,
electrical, and thermal systems, determine the third:

Forcel {ke quantity

Rate
Resistance
. Describe the difference between laminar and turbulent
flow.
. State the factors ccﬁtributlng to fluid resistance in
pipes.
. . State the factors contributing to thermal resistance of
objects.

. Describe wlth the use of grapiit the definition of
resistance as the ration of forcelike aquantity to rate
fn flufdal, electrical, and thermal systems. Include
the units of forcelike quantity, rate, and resfistance

‘ for each system.
. State the fundamental difference Dbetween sliding
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friction and resistance as 1{t applies to fluidal,
electrical. and thermal systems. .

. Define potential energy, kinetic energy., and
conservation of enrgy by using examples from mechanical
systems.

. Givenn any two oF the quantities in the following qroups.

determind the third:
Mass, velocit:. kinetic energy
Mass, height, potential energy
Spring constant, spring displacement,
potential energy / Moment - of {nertia, angular
velocity, kinetic energy / Capacitance, voltage,
potential energy

. Given Bernoulli‘'s equatior and the height of liquid in a
tank, determine the exit velocity at the bottom of the
tank i1f ther is no fluid friction.

. List and describe the three processes that transfer
thermal energy.

. Discuss the conservation of energy as it applies to
fluidal, electrical, and thermal systems..

. Define the following terms; state the appropriate units
in the mk/s system (SI) and t cg/s system; and give the
equation for each:

Linear momentum
Angular momentum

Impulse y '

Angular impulse ‘
Moment of inertia '

. Given two of the following quantities, determine the

third:

-5

Mass of an object
Velocity of the object .
Momentum of the object

. Given all the following quanities, determine the third:
Moment of inertta of an object
Angular velocity of the object

Angular momentum of the object
. Given two of the following quantities except one

describing a linear collison, determine the unknown
quantity:
Mass of first object
Inftial velocity of first object
Final velocity of first object
Mass of second oblject
Infitial velocity of second object
Final velocity of second ob ject
. Explain the following concepts 1{in a short paragraph
each!?
Consevation of 1inear momentum
Conservation of angular momentum
. Use a given equation to calcuate the force produced on
one blade of a reaction turbine, given the velocity of ‘
fluid and the mass of fluld per unit time striking the
blade. .
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: . Describe specific force tranaformers in the mechanical
‘ ' translational, mechanical rotational, fluidal, and
electrical systemss; and discuss their fundamenta)
similarity as transformers of forcelfke quantities.
. Define the following terms:
Ideal mechanical advantage
Actual mechanical advantage
Efficiency S . _
. - Calculate the ideal mechanical advantage of a specific
pulley, lever, screw, wheel and axle, hydraul ic press or
1i{ft, and electrical transformer.
. Calculate the change {n current in'an ideal electrical
transformer. - ,
. .Discuss how the role of resistance in a transformer
dissipates energy input and reduces effictience.

.« Oescribe the power f nput and power output
characterisitcs of a’  transformer that operates
continuously. , :

. Describe energy converters in general terms that apply
- to all energy-conversion devices.
. Describe the operation of the following energy converters:

vVane pump
Turbine

Electric generator
Electric motor
‘ ' Electric heater
. Internal combusion engine
. Bofler - w
Solar collector
. Given two of the following quanities, determine the
third: .
Input energy
Output energy .
Effifcliency )
. Given the efficiency of all the energy converters used
in an energy conversion system, determine the overall
system effictency. '

RECOMMENDED TEXTS
Cord, Unified Technical Concepts. Waco { TX: Center for

Occupational Research and Developmen 1980.
Dierauf, Edward J., Jr., and Court, James E. Unified
concepts in Applied Physics, Englewood Cliffs, NJ:
n L Prentice-Hall, Inc., 1979.
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PHYSICS 111 °
COURSE DESCRIPTION

This third quarter of Physics will provide the student
with practical knowledge of sound scientific principles
behind devices and components addressed in four concepts;
transducers, energy transfer and storsge, vibration and
waves, and radiation. Practical hands-on experience with
devices common to many technologies 1is offered in the
laboratory.

PREREQUISITE: Trigonometry, Physics 11
CREDIT HOURS: 4-3-5

COURSE OUTL INE Student Contact Hoyrs
Class Laboratory
I. Transducers 5 5

A. Basic concepts . ‘

B. Self excited transducers

C. Externally excited transducers

I1. Energy Transfer and Storage 10 5
A.. Basic considerations
1. thermal cooling

2. rotational
-B. Mechanical systems
1. translational
2. rotational
C. Fluidal systems
D. Electrical systems
E. Thermal systems

I11. Vibrations and Waves i o 15
A. Oscillating systems '
1. simple harmonic motion
2. osciliating systems with
res{stance
3. forced oscillaﬁ#bns
4, resonance
B. Types of waves
1. transverse
. 2. longitudinail
C. Wave characteristics
1. wave velocity
2. the wave equation
3. superposition
4, standing waves
5. iInterference
0. wWwave motion as a
unifying concept
1. mechanical! systems
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Student Contact Hours
Class Laboratory
2. flujidal systems
3. electrical waves

1V. Radiation | ' 10 10
, A. Electromagnetic radiation *
B. Light

C. Optical instruments
D. Waves ard particles
E. particle radiation

STUDENT COMPETENCIES

. In a short paragraph, dasfine a transducer. Include a
distinction between those transducers that require
external energy sources and those that do not.

+ Describe the operation of the following transducers:
Strain gage - *
Accelerometer
Microphone
Turbine flowmeter
Barometer ) .

Meter movement - )
Thermocouple
Thermistor . ,
Bimetallic strip
Photoconductive cell
Photovoltaic cell
. Define the following terms:
Steady state
Transient
Damping
Time constant
Half-1ife
Decay constant

. Draw and label a graph showing an exponentially-decaying
function. Include on the graph the time constants T1/2
and Tl/e = = , also write an equation for the function
shown on the graph. '

. Given the initial temperature of a hot body, the ambient
temperature of its surroundings, and the thermal time
constant of the system, determine the temperature of the
body after a specified time interval.

. Given the number of radfoactive atoms in a sample and
the decay constant, determine the number of atoms
remaining after a specified.time interval.

. .Given the values of resistance, capacitance, and applied
voltage in an RC electrical circuit, determine the time
constant for the circuit, the time required for the
capacitor voltage to reach 99% of the applied voltage, .
and the circuit current and capacitor voltage after a
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specified time interval.
Explain how the concept of time constants cen be applied °
to the following energy systems; give a specific example
in each case: '

Mechanical translational

Mechanical rotational

Fluidal

Electrical

Thermal

Optical

Nucl ear ,
Solve problems involving simple hermonic motion.
Describe damping phenomena In cscillating systems with
resistance. ¢
Describe systems oscillating under the fnfluence of
an energy source.
Distinguish between longitudinal and transverse waves by
giving at least two examples of each types and by
drawing and labeling a sketch of each.
Define the following terms associated with waves and
wave motion:

Propagating medium

Wavelength

Frequency

Period

Displacement

Amp1 | tude

Phase

Standing wave

Constructive interference

Destructive interference

Beats
Caiculate the wavelength of a wave, given Iits velocity

and frequency.
Interpret the following equation, explaining the

significance of each symbol:

y =Asin2 (- ft ).
Explain the meaning of the expression, "The current
leads the voltage by a given phase angle " by using
sine-wave sketches of both current and voltage.
Describe the supc ~position principle.
Describe wave phenomena in each of the following energy
sytems:

Mechanical

Fluidal

Electrical
Describe in one or two sentences the basic properties of
each of the Fol%wing types of radiation:

Sound

Light

Alpha and beta particles :
Define electromagnetic radiation (radiant energy), and
describe a simple experiment that {1lustrates how
electromagnetic radiation can be created.
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List the freguencies {n the electromagnetic spectrum:
from wavelength Em waves of AC power (60 hertz) to gamma
‘rays (10 hertz), including each major part - radio, FM,
television, - radar, microwave, infrared, visible,
ultraviolet, X-ray, and gamma ray. ‘ ' .

. Given the equation v + f -~ relating wave speed,
wavelength ‘and frequency - determine the radiation
frequency for any part of the electromagentic spectrum.

. Given the equation £ = hf or E = h c/e, determine the
energy of different waves in Em spectrum.

. Describe qualitatively the nature of an electromagnetic-
wave in terms of electric and magnetic fields; state
what, (s always required to generate an EM wave; and
expiain how EM ‘waves are propagated through empty space
without benefit of an elastic medium.

. Describe a photon, and explain why both wave and
erticle—llke (photon) phenomena are required to
describe interaction of Em radiation with matter. Give
examples .in which the wave character is most useful {n
describing Em radiation and 1In which the photon
character is most useful.

. Explain what {s meant by the inverse square law and how
this law s used to describe the fall-off of EH

~ radiation propagating from a small source.

. Define polarization, and explain what' |is meant by
rolarized Em radiation - In particular polarized light.

. Define visible radiation, and determine it’s imits
numerically In terms of wavelength, frequency,, and
energy. .

. Describe the reflection and refraction of EM radiation.-
especially light - and set up an experiment to verify
the two laws.

. Differentiate between alpha and beta radiation and gamma

radiation. .

. Briefly explain each of the three parts in the symbol

. Given the appropriate equipment, {llustrate and verify
the inverse sqQuare law of EM radiation Iin the visible
region.

. Given the appropriate equipment, produce and detect
polarized 1ight in the microwave region. "

RECOMMENDED TEXTS

CORD, Unified Technical Concepts. Waco TX: Center for
Occupational Research and Development, 1980.

Dierauf, Edward J., Jr. and Court, James E. Unified Concepts
in Applied Physics. Enilewood Cliffs, NJ: Prentice-Hall,
Inc.,. 1979.
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A-C CIRCUITS
COURSE DESCRIPTION

This course provides the student with the knowledge and
skflls to analyze basic A-C circuits. The course includes
the following main tepics: Magnetism, Inductance,
Alternating current, Reactanze, Impedance, and Admittance.

PREREQUSIITE: DC Circuits, Algebra’
CO-REQUISITE: Trigonometry, Phusics 1
CREDIT HOURS: 4-3-5

COURSE OUTL INE

_ Class Laboratoury
I. Magnetism , . 5 3
A. gnetization curves
B. Permability from the BH curve
C. Hysterasis
D. Eddy current
/ E. Magnetic shieldfing
Fa Magnetic circuits

1. Inductance \ 6 6
A. Faraday’s law
B. Lenz’s law
C. Counter emf
D. Time constant . .

I11. Alternating Curreng . 7 6
A. The sine wave

B Peak values
C. Instantansous values of
_voltage amd current
D. 'The radian
E. Rms Valves
F. Average vsalues
V. Reactance 6 6
A. Inductive reactance
B. Capacittve reactance
C. Vector .lgebra
V. I[Impedance 10 6

RLC serfes circuits

RLC parallel circuits
Admittance

Conductance and susceptance
Power factor

mooo»
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Stuydent Contact Hours
Class Laboratory ‘

Vli. Impedance networks ' 3 3
A. Loop equations

STUDENT LABORATORIES

. Analyze magnetic circuits.

. OUperation of an oscilioscope.

Determine the peak value , RMS value, and peak-to-peak
value of a sinewave using an osrilloscope.

Plot the response curve of a series RL and RC network.
Plot the response curve of a parallel RC and RL network.
Analyze A-C circulits using the Thevinin theorem.
Determine the total current in a series RC, RL and RLC
circulit. .

. Determine real and spparent power in a serl!s RLC circulit.
. Use 100p equations to solve impedance networks.

'STUDENT COMPETENCIES

At the conclusion of this course, the student will be &> 'e

to: .

. Operate an oscilloscope.

« Determine peak value, {nstantanecus value, average value,
and RMS value of a sine wave.

« Measure voltage and current in a serfes RLC circuit and ‘
parallel RLC clircuit.

« Determire the total impedance and admittance of a series
and parallel RLC circuit.

. Use loop equation to solve impedance networks.

RECOMMENDED TEXTS

Boylestad, Robert D. Introductory Circui Analysis, Fourth
Edition, Indianapolis, In: Bobbs Merrill, 198l1.

Jackson, Herbert W., Introductory to Electric Circuits, Fifth

Edition: Englewood Cliffs, NJ: Prentice-Hall, Inc.,
1981.
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P
AC AND DC MACHINES AND APPARATUS I

I
‘ COURSE DESCRIPTION
AC and DC motors and generators will be covered from
thelr construction and parts to their operating
characteristics. Theory of operation, types, efficiency and
regulation will be considered as well as their general
appl ication. Machines will be run under various loads noting
efficiency and power. factor. :

CREDIT HOURS: 4-3-5

COURSE OUTLINE ' Student ‘Contact Hours -
Class Laboratory

i. Direct-Current Generators 8 . 6

A. Generator construction, .
magnetic and electric
Ccirculit

B. Simple DC generator-
conmutator action

C. Methods of fieid excitation,
magnetization curve and
commutation

D. Series generator-compound
generator

E. Efficiency and characteristics

-

01]
o
)

[I. DC Motors and Controls

A. Motor principles and torque
deve lopment

B. Generator action and power
relationships in a motor

C. Armature reaction and speed
of a DC motor

D. Controllers, starters, and
starting requirements

E.« Ward Leonard system of speed
control

I1l. AC Generetors 8 6

A. Construction, erxcitaticn,
and regulation

B. Winding types

C. Phasor diagrams and
efficliency

D. Operatfon of generators in
parallel synchronizing

E. Rmtings - losses and
efficiency, NEC - 445
ovvercurrent protection

87
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stydent Contact Hours

Class Laboratory
IV. Poly Phase Induction Motors 8 6 '

A. Inductinn motor principles

and rotating magnetic devices
B. Rotor and {ts construction,

stator ancd {ts construction
C. Principle of cperation -~

speed and slip ,
D. « Torque and starting conditions {
E. Squirrel cage - wourd rotor

and synchronous
F. Starting methods - linestarters
G. Losses, efficiency and ratings

V. Synchron~us Motors
A. Constri.. - fon - operation
ard start ing
B. Excitation and power factor
C. Efficiency and ratings
D. Applications and self-
synchronous apparatus

STUDENT LABORATORIES

. Analyze torque versus speed characteristics and calculate :
efficiency for a DC shunt motor.

. Analyze torque versus speed characteristics ana calculate ) ‘
efficiency for a DC compound motor.

. Using separately and self-excited DC shunt generators,

V4 study the properties under l1oad-and no load conditions.
Obtain armature voltage versus armature current load curves.

. Using squirrel cage {nduction motor, assemble and
disassemble, operate under various load conditions.
Calculate starting current using name-plate and National
Elect-ic Code, article 430-7 (bY.

. Usir the wound rotor motor exam!ne construction and
sta ing characteristics varying the secondary resistance.

. Using the synchronous motor aexamine cong'ruction.
investigate exciting current, synchronous speed and slip
in three phases motors.

. Using the three-phase alternator, obtain no-load
sacuration curve and short circult characteristics. Learn
how to synchronize an alternator to the electric power
utility system and observe the effects of Improper phase
sequence,

. Use the megger meters for insu'aticn testing of motors
and generators.

. Use the industrial analyzer for power-factor, wattage, and
reactive power (vars) for measurement. ,
Ide tify ali nine leads on a dual-vocitage squirrel cage
motor, connect to three phase power and run machine.
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STUDENT COMPETENCIES

. ldentify the types of AC and DC motors.

. Explain the difference in construction and understand the
starting and control requirements of the different types.

. Yake load readlngs under varying conditions and draw
characteristic curves, calculating: torque vs. speed,
speed vs. load, efficiency power factor.

. Utilize the HNEC article 430 to determine the proper
running and short-circuit protection required for AC and
DC motors. .

. Calculate the inrush currept (accelerating ) based on the
code letter on the motor nameplate of AC and DC motors.

. Determine circuit requirements based on horse power and

voltage anc distance betwmen motor anc starter.

v~ Explain required grounding and ground-fault protection.

. Utilize meters, analyzers, meggers, tachometers, etc., to
analyze under test the characteristics of motors and plot
curves demonstrating various load conditions.

. Explain and measure synchronous speed, s!lp and factors

. that control speed.

. Measure slip between no load and full load conditlons.

. Explatn pull=-in and pull-out torque as aspplied to
synchronous motors and field excitation requirements for
synchronous motors.

. Explain how synchronous machines are used for power-factor
correction {including the effects of load and field
eﬁfltation on power-factor”

" RECOMMENDED TEXTS

Kosc:., Irving L., Control of Electric Machines,

Prentice~-Hall. '

v
- t ) s f -
Lister, Eugene C., A r -and Mach
Prentice-Hall.
Mcint/re, Electric Motor Control Fundament&'!s, McGraw-Hill.
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AC AND DC MACHINES 11
COURSE DESCRIPTION

Students: will apply control theory to both DC and AC
machinery. Learn the general construction and parts of AC and
DC machines and their operating characteristics. Also circuit
switching and protective equipment and measuring equipment.

PREREQUISITE: AC and DC Machines I

CREDIT HOURS: 4-3-5

COURSE CONTENT Student Contact Hours
Class Laboratory
I. Single-Phase Motors ' 6 4

A. AC series motor

B. Repulsion motor

C. Induction motor principle

D. Split-phase starting

E. Resistance-start split-phase

F. Capacitor-start motor

G. Repulsion start induction motor

H. Shaded-pole motor

I. Synchronous

II. Variable Speed Controls 6 4
A. Variable frequency
8. Rectifier circuit
C. Trigger circutc
* D. Control circustt
' t. Torque and slip controls
. F. Trouble shooting procedure

IIl. Vvariable DC Drives Using Solid 8 4
State Logic .
A. Speed ccntrol of a DC shunt
motor

B. Reversing a DC shunt motocr
C. Demonstrating C.E.M.F.
D. Speed regulatiori of a DC
: shunt motor
E. Solid-state devices controlling
DC motors
F. OIAC-SCR variable speed drive
G. DIAC-TRIAC varfable speed cdrive

IV. Circuit-Protective and Switching 7 4

Equipment
A. Electrical distribution systems
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B. Low-voltage fuses .
C. Safety switches ' .
D. Low-voltage air circuit breakers
E. Panel boards

F. Load-center unit substations

G. Protective relays

H. Lightning arresters

Student Contact Houyrs
Class Laboratory .

V. Electrical Instruments apnd 6 . 4
Electrical Measurements
A. Galvanometers, voltmeters,
ammeters
B. Varmeter
C. Power factor meter
D. Phase-angle meters
E. Megger, Ohmmeter, wheatstone br idge

VIi. Inverter Drive AC 6 4
A. Static set-up mode .
B. BCD/Binary interface
C. Voltage boost
D. Slip compensation

4

VIlI. Solid-State DC Control 4 3 .
A. Magnetic amplifier speed
controller .

B. Switching amplifier fleld
current controller
C. Plugging and synamic braking
D. SCR armature voltage controller
E. Open-loop speed control
: F. Null detector

STUDENT LABORATORIES

. Hook-up a speed control to a DG shunt motor with magnetic
amplifier speed control. .

Reverse a DC shunt motor.

Demonstrate counter electromotive foirce using DC meters.

Demonstrate dynamic braking and plugging.

Use solid-state devices to control DC motors.

Hook—-up DiAC-SCR variable speed drive.

Hook~up DIAC-TRIAC variable speed drive. '

Demonstrate switching amplifier field current controller.

Demonstrate SCR armature voltage controller.

Connect rectifier circuit.

Connect trigger circuit.

Connect control circuit.

Connect torque and slope controls. :

[ ] . L L L] . L] L] [ . [ ] L]
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. Demonstrate trouble shooting of rectifier, braking and
amplification.™ ‘

. " STUDENT COMPETENCIES

. Apply the fundamentals of both DC and AC principles in ¢he
operation of electric machinery.

. Demonstrate proper safety rules when using electrical
equipment. -

. Demonstrate the operation of a magnetic amplifier to
calculate current and. power.

. Verify the principles of a switching amplifier and. the
application of plugging and braking of DC shunt motors.

« Vertify the principles of an SCR armature control circuit.

. Demonstrate the methods of reversing a DC motor. .

. Demonstrate how counter electromotive force is produced.

- Measure the power, In watts,. dissipated in a DC shunt

motor.
. Test solid-state devices while out of the clrculq using an
ohinmeter. .

. Demonstrate how & DIAC s triggered; also how & DIAC
triggers a SCR. . _

. Demonstrate how a DIAC triggers a TRIAC and in so doing
controls the speed of a DC shunt motor.

RECOMMENDED TEXTS

@ el e 80220-

h*:ter. Eugene (C., Electric Circuits and Machines,

McGRaw-Hi11. 3

Mcintyre, Electric Motor Control Fundamentals, McGraw-Hill.
Wildi, Electrical Power Technology, Wiley. )

»
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AUTOMATIC MOTOR CONTROLS I
COURSE .DESCRIPTION

Principles of motor controls from fractional horse power
to large magnetic starters will be covered including starting
poly phase induction, synchronous, wound rotor, and direct
current motors. The use of control pijot devices, symbols for
wiring diagrams, will be applied to control circuits fragm
control of manual and automatic controls of motor controls.

PREREQUISITE: None
CREDIT HOURS: 4-3-5
COURSE OUTLINE

I. Introduction and Control 14 10
Pilot Devices
A. Fractional horse power manual
and magnetic starters
B. Pilot devices and symbols
C. Wiring and schematic diagrams

1l1. Basic Control Clrcuits and AC 14 10

Reduced Voltage Starters

A. Twpo and three wire controls

8. terlocking and sequence

ontrol methods .
C. ReSTstor, autotransformer
and partwinding motor starteys
D. Star-delta motor starters

111, Three Phase Induction, Wound 12 10
Rotor and Synchronous Motor ’
Controls

A. Two-speed, two-winding and
. consequent pole controllers

B. Wound rotor (slip ring) manual
and automatic acceleration
controls

c. ﬁynchronous push botton, semi-
automatic and polarfzed field
frequency controls

STUDENT LABORATORIES ,

. Connect a switch to operate a relay and motor (two-wire
control).
Connect a pushbutton station to operate a relay and motor
(three-wire control).

. Connect a mechanically held relay to control a lightning
load.

95
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. Connect a selector switch (hands-on automatic) and
pressure switch. (substitute toggle switch to operate a
relay and load) '

. Connect a motor starter with a start-stop and Jjog
pushbutton control station.

. Connect a start-stop and Jjog control circuit using a
control relay. '

. Connect a start-stop jogging circuit using a two-position
selector switch. :

. Connect two forward and two reverse control statfons with

=~  pushbutton and auxiliary contact interlock.

. Connect drum switch to reverse motor.

. Connect a two-speed control circuit using a compelling
relay to start in slow speed. ‘

. Dismantle a three phase |inestarter fdentifying all parts
and Qtate purpose of each and reassemble. '

STUDENT COMPETENCIES

. Relste the purpose and general operation of motor starters
for AC and DC machines.

. Connect single and three phase motors to |inestarters
using standard two and three wire control circuits.

. Interpret control schemes of starters using schematic and
wiring diagrams to troubleshoot problems. Actually locate
faults and repair the faulte .in control circuits. .

. Explain the use of pilot devices for control of
acceleration and braking of motors and apply same on ‘
actual starters. : .

. Explain operation of manual and automatic control of wound
rotor and synchronous motors.

. Demonstrate the operation and troubleshooting of a control
circuit with forward-reversing, jogging, pushbutton and
auxflary interlocking.

. ldentify parts of linestarters and stating the purpose of
each part and how each functions in the operation of
starting motors whether full voltnge or a reduced voltage
method.

RECOMMENDED TEXTS

W. Alerich, Electric Motor Control, Van Nestrand Publishers.

W. Alerich, Electric Motor Control Lab Manual, Van Nestrand
Publishers. ,

K. Rexford, Electrical tControls for Machines, Delmar

Mcintyre, lectric M r Control Fundamentals, McGraw-Hill,

NFPA, National Electrical Code Current Edition.
National Flre Protection Association, Boston, MA ‘
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' AUTOMATIC MOTOR CONTROLS 11
COURSE DESCRIPTION: ’

Principles of motor controls from fractldnal horse
ggweg to largﬁ me?ng g status fll be cov {ncludln
arting ploy ase Tn fon synchronous and irec curren
motors. Control pilot devlces and symbols for wiring and
schematic diagrams for constructing basic three phase and

control circuits for operation analysis and trouble shooting
problems.

PREREQUISITES: Automatlc'notor Controls 1|
CREDIT HOURS: 4-3-5

COURSE OUTL INE Student Contact Hours
Class Laboratory
I. Direct Current Controllers 14 10
A. Control relays
B. Across-the-line starting
C. Use of series starting
resistance
D. Manual faceplate starters
E. Counter EMF controller
F. Magnetic time 1imit controller
G. Voltage drop acceleration
H. Series relay acceleration
I. Series lockout relay
acceleration
J. Dashpot motor control
K. Pilot motor-driven timer
controller
L. Capacitor timing starter

Il. Methods of Deceleration 14 10 .
- A, Jogging control circuits
B. Plugging
C. Electric brakes
D. Synamic braking
E. ElLectric braking

[ll. Motor Drtives 12 10

A. Direct drives and pulley
drives

B. Gear motors

C. Vvariable frequency

D. Magnetic clut¢eh and magnetic
drive

E. DC variable speed control -
motor drives

F. NEC 250,810,430
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STUDENT LABORATORIES -

Connect full voltage starter for a shunt motor.

Connect full voltage reversing starter for a shunt motor.
Cannect full wvcitage reversing starter for a compound
motor. .

Connect reduced voltage starter for a shunt motor with
series cureent relay acceleration.

Connect reduced voltage starter fol a shunt motor with
counter electric motor force accelerating relay.

Connect reduced voltage starter for a shunt motor with
definite time acceleration. p
Connect reduced voltage s*arter for a shunt motor wiwl
serfies current-relay acceleracion.

Connect full wvoltage starter for a shunt mctor with
overload lprotection.

Connect reduced voltage reversing starter for a shunt
motor with definite-time acceleration.

Connect full voltage starter for a shunt motor with field
faflure protection. ) .

Connect full voltage start for a shunt motor with dynamic
braking.

Connect full voltage starter for a shunt motor with field
accelerating relay.

Connect two step reduced voltage starter for a shunt motor
with definite-time accelerating, dynamic braking, field
accelerating relays, overload and field failure
protection.

STUDENT COMPETENCIES

Explain the general operation of motor starters for AC and
DC machines.

Interpret contrc! schematic and wiring diagrams to trouble
shoot problems.

Explain the use of pillot devices for control of
accelerating and brak!ng of motors.

Explain operation of manual and automatic control of wound
rotor and synchronous motors.

Observe the no-load and Fullﬁload characteristics oF a
rotary frequency converter.

Describe the operation of an open- Ioop electronic speed
control! for a DC motor.

Obtain the starting characteristics of the three phase
synchronous motor. :

Determine the full-load characteristics of the synchronous
motor.

Explain the construction of the three-phase squirrel cage
motor .

txplain the construction of the threz-phase squirrel! cage

motor.
Determine the starting, no-load, and <1 V'~ 1oad
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characteristics of .4 squirrel cage motor.
. Determine the starting, no-load, full-load characteristics
. : of a wound rotor motor. also synchronous speed and slip.

r * !

RECOMMENDED TEXTS
W. Alerich, Electric Motor Control
W. Alerich, Electric Motor Control Lab Manual,

K. Rexford, Electrical Controls Fgc. Machines, Delmar

Mcintrye, Electric Mqtor Control Fundamentals, McGraw-HIi] |
;o

% 96




A

CIRCUIT ANALYSIS

y | | '

COURSE LESCRIPTION _° T .

This course provides the student with the know | edgey and
skills to analyze complex circuits. The course includes. -the
following main topics: analysis of complex circuits, Resonant
circuits. transformer actlon and three-phase systems. ’ .

“PREREQUISITE: - AC Circults, Trigonometry . -
* CO-REQUJSITE: ‘Analytic Geometry and Calculus:

CREDIT. HOURS: 4-3-5

COURSE‘OUTLINE Student Contact Hours |
A ot Class Laboratory .
. 1. Analysis of Complex Netxmrks ' 15 ' 6
A.. Superposition theor C X
B. Thevenin’s theorem : . ,
C. _Nor*op s theorem ‘
D. Noda)‘'analysis ‘
E. Impedance bridges ,
F. Delta-wye transformation of ,
- complex networks B : : S ‘
G. Translents ' . ’ .
/
1I. Resonance ) 10 6

A. Series resonant ctrcuits .
B. Parallel resonant circuits

C. L/C ratios &

D. Resonant response curves-

E. Q rise iIn voltage and current

111, Transformers ' 5 . 6
A. [ron-core transformers . ‘
B. Air-core transformers . . {
C. Tranfcrmation ratio -. ’ ' g
D. Reflected impedance

E. Loading .. . oL
F. Efficiency ‘ N
IV. Three-Phase Systems 10 9

.A. Polyphase systems
B. Double-subscript notation
C. Balanced.three-phase systeins .

D. Unbalanced three-phase systems
E. Delta-connected system
F. 4-wire wye-connected system

L]
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STUDENT LABORATORIES

} ' e ),Analyze compliex {mpedance networks using the dircult ‘
o theorems, , I S
- Measure the change in primary current &3 the secondary
» . load is varied. . ) . ) .
- Construct a response curve for a series résonant

13

circult. . ‘

- Construct 'a response curve for a parallel resonant
clircuft. . ! '

. Measure the total ecurrent through a series resonant
circuit. ‘ )

. Analyze a delta to wye transformer action.

STUDENT COMPETENCIES . b

At the conclusion of thi's course, the student will be
able to: "
. Analyzé complex networks using the circult theorems.
. Analyze delta-wye transformation of complex networks. . .
. Determine the difference between air-core- and lron[core
transformers and where each might be used.
Analyze transformer action. ‘ ) 4
Determine reflected impedance values.
Detgrmine transformation ratio. - : .
Analyze resonant circuits. : .
Analyze 3-phase systems- ' : ‘

1

SUGBESTED. TEXTS

Boylestad, Robert D., Introductory Circuit Analysis, Fourth .
Edition, Indianapolis, IN: Bobbs Merr{iil, 1981. \
) .
Jackson, Herbert W., Introduction to Electric Circluits, Fifth
Edition, Englewood Cliffs, NJ: Prentice-Hall, Inc., 1981.

-

9 . @
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CONTROL SYSTEM ANALYSIS
| '  COURSE DESCRIPTION

This: course 1is designed to provide the student with
indepth knowledge and skills relating to process control
loops. The student will acquire hands-on experience through
the practical Iab experiments.

.

PREREQUISITE: Instrumentation and Controls ' b
CREDIT HOURS: 4¢395~ : - ,
COURSE "OUTL INE Student Contact Hours:
S ' o Class Laboratory
I. What Constitutes a Process 2. 0
A. Introduction o
. B. Review of ‘types: -&F controller ,
action .
.C. Types of responses which must
be control led

* 11" Process Characteristics - Si:atic 2 0
{ ’ Conditions L.
-+ ¢t  The basie¢ probiem
B. Principles of energy transfer
C. .Resistor elements-thermal, fluid

. D. Capacitor elements - thermal. ) .
fluid ’ )
111+ Block Diagrams - 4 T 0
A. Different types of block '
- diagrams

Bﬁ Difference between séhematic
and block diagrams
C. Flow of inFormation around
-loop :
D. System repreSentation.
fntroduction of thefir signals
E. Feedback loops, positive and °
negative '
\
IV. Feedback System-Open ang Closed 4 0
Loop - ’ .
" A, Block diagrams for open Ioop
‘B. Reslstance and propqrtional
blocks -
C. Capacitance and the block
. diagram _
D. Steady-state solution to
flow level problems
E. " Block diagram for closed loop
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' . . ! 4 A ) St O .
) Class aborsatory
o V. Flow Control System-Pneumatlc .4 Q 6
v 7 and/or Electronic .
b ‘" A:; Determine fnstruméhts needed .
: ' - «. for'‘system ° -
. " B. Draw system . . . )
\ . C. Connect system \
o, D. Write report on system’ operation
» .
_ vVi. Level Control System-Pneumatlc 4 - . 6
v . : .ahd/or Electronic

A. Determine instruments needed

for' system " :

B. . Draw system, . . , et T,
o C. Connect system - " b : ¢
’ D. Write report on system openation" .

VII. -Temperature Control System
Pneumatic and/or Electronic

A. Determﬂhe_lnstruments-ﬂeeded 4 6
for system .
B, Draw system ' _ .

-

C. Connect system® .
D. write report on sytem operation - ¢

VIII. } Pressure.Control System N
' A. Deteirmine instruments needed: 4 \\\- "6
_ for system
' B. Draw system ., . (-
- €. Connect system ‘ ‘
. “/D. MWrite report on system operation
IX. Specific Gravity System - 4 . 6
~“{(Non—-Coritrol 1ing) - .
A. Determine instruments needed Y
. for systems _ ’
, B. Draw system . .
. C. Connect system '
: D. Write report on system operation : o .
; ﬁ. Combustion Controls ‘ 8 0
, o, A.+ Boilery feedwater controls |
: B. Flamé detéctor : . - -

. * C. Fuel-air ratio ' ¢
' D. Boiler gases ¢
E. Master &ontrol
" F.  Interlocking
G. Lead-lag (boiler load change)

N
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‘ * * STUDENT LABORATORIES ~ , * . . _
. . . . . . . . . ) ".‘ . -
‘ ' *» Flow loop instruments - . l
- a. troubleshoot - o .
: 4 b. repair ' ' . . J
' i' 7 . ¢, galibrate - ' »
B , . Level loop instruments ' : *
D * " a, troubleshoot
b. repair
, c. calibrate ’
. « Temperature Io&p fnstruments - . .
_ a. ‘troubleshoot . .
- .+ - b. repair . - * - , .o o
» cC. calibrate g , . . s
. ' - Pressure loop fnstruments_. ~ : ’ -
. .a. troubleshoot .. . " -
. + b. repafr _ ) . L
c. calibdate -0 L
“« Specific gravity loop instruments . .
a. troubleshoot ' .
b. repair g .
c. calfibrate ., [
J . . - -

STUDENT COMPETENCIES - .

Define process. * ) - ) "

Expla’n g;fhclples of energy transfer ~ -

4 Explain fference between schematlc'snd block diagrams. -
Determine instruments needed for flow contrdl 1oop. o
Repair and calibrate instruments needed for flow contro
loop. . . 7 ' .

. Determine fnstruments rieeded for level dontrol loop.

- Repair and calibrate instruments needed for level controfl

100p.. . edrﬂ o,

. Determine fnstruments needed for temperature control loop.

- Repafir and. calibrate lnsgruments- needed for temperature

control loop.

Determine instruments needed for pressure control loogp.

- Repair ‘and - calibrate instruments needed for pressure

control loop. - .

»
.‘
.
-
® [ ] ® L ] ®

Yoo . Determinek instruements needed for-specific gravity cdntrol: N
. IOOD. ° s !
. -+ Repair and calibrate {instruments needed’. for qpeclfléﬁ
' : , gravity control loop. - ' I .
|, CRECOMMENDED TeXTs - -~ [+ T~ .

°©

Industria)l instrumentation, McGraw-Hill, 1962 , ° .. - '

Fundamentals, Austin E. Fribance i
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- _ D-C CIRCUITS

: . [ ¢ . v
COURSE oesc&xprxdﬂ K C oy . >

. This course provides the student with the knowledge &nd
skills to amalyze basic D-C ‘circuits. The course includes
the. following majn topics: Scientific notation end unit,
conversions, Insylators, .Conductors, ‘Sources, Resistance,
Work and power, Series and parallel circuits, Series-parail®el
circuits, and Equivalent circuits. /

-

PREREQUISITE: Admission to brogram.

' CREDIT HOURS: 4-3-5 ~ A
? : Lot - ! -~ . s ,‘
COURSE OUTLINQ' . ) . .t e
- o » . Y Class . Laboratory
I. Introduction to Engineering 4 -6
Tachnology '
.+« A. Sl .units } ’
B.. Sclentific Notation ) ‘
C. Unit Conversions - RS ‘
I11. Introduction to Electricity .9 3
- A. Insbiators , -
B. Conductors ' .
C. Sources }
D. Resistance -
E. Work and power
Il1l1."” Series and parallel circuits 8 " 9
A. Series clircuits ~ _
B. Parallel clrcuits- to éi
C. Series-parallel circuits
IV. D-C -Circuit Theorems 15 - 3 9
A. Thevenin’s theorem B v .
B. Norton’s theorem . :
‘ C. Superposition theorem
' D.- Miliman’s theorem _ :
. E. Delta-wye. transformations ' .
‘ ‘F. Nodal analysis - , : o ‘
G.: Mesh analysis o : . "t
V. Capacitance ! . 4 3
A. Capacitance reactance )
. B. Charging and discharging .
, C. Time constants : »

<

107

102

1



- —

K

N

STUDENT LABORATORIES - | .

1] ’ 4
*

L 4
-

- .
’
,. R

R . . { * ‘e
. Introduce the student to Engineering Technology.
s Imtroduction to Instruments, measurement procedures
saftey precautions. -

‘e peesure D-C voltage, curreﬂt and reslstance

At‘the conclusion of this course, -ghe student will be -able

in,ser'fes circuits.

. Measure D-C vbltage, currenty and'.reslstance_

parallel circuits.* . - : ~-
Measure D-C  voltaye, current, and resistance
‘series-parallel circuits. C

v rahd

in !

Jdn

. Design a basic voltpeter and current '.meter;
‘« "'Analyze seriesiparajlel cfrcuits using circuit theorems.
. wDetermlne capacltance values by use of fdlscharge_tlmes.

[ . -
e

! STUDENT COHPETENCIES . , S S

to: 4 , . e .o

.

¢ . 4 .

Convert from one unit of measurement to another.
Express decimal numbers in scientific nptatlon.
Use SI units -

Determine resistor values from their color code.

Convert mechanical power te electrlcel poweru
‘Use a dlgltal and analog VOM.

parallel circuit,

current and voltage in resistance networks.
- Plot the charging curve of a capacitor.

. Use D-C circufit thgorems to determine the totat\reslstance.

. N

RECOMMENDED TEXT

Edition, Indianapolis, IN: Bohbbs Merrill, 1981.

*Jackson, Herbert w.. Introduction to Electric Clicuits,

Editions, Engléwood Cl{ffs, NJ: Prentice-Hall, Inc,

. ’ .
‘ .

108,
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Measure the current'. and ltage in a D-C serles ‘and
) tage,

-,

"Boylestad, Robert D.  Introductory Circuit Analysis, Fourth

Fifth
1981.
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< ‘' DIGITAL APPLICATIONS

~ . . : e

COﬂRSEbﬁSCRlPTlON

o A This course is designed to Intro» ce the student to tha
: microprocessor. Emphasis s plared on the infcroprocessor’s
J. hardware. . ‘ ~ ' o

td

. ' PREREQUISITE: Digital gtect%ohics'

AN - —,
CO-REQUISITE: ’‘Linear Integrated Cirﬁuits ,
CREDIT HOURS: Y 4-3-5 '
¢ COURSE OUTLINE ;
~ T ‘ : i Class Laboratory
.. I. Computer Arithmetic . L8 -6 |
. . . - A Algorithms : .
) L B. Addition and subtraction
.V C. Half and full» adder. -
. - D. Ones complement and twos ’
complement addition /
. . subtraction )
, E. BCD
- ; F. Half and full substracters
» P G.. " The ALU
‘ﬂ I'l. Memory Syste&hs ‘ 12 S0 9
: T A. Core memory ' \ L

B. Semi-conductor RAM T y
C. The register concept
// D. RAM specifications
E. Static RAM '
. F. Dynamic MOS memory ,
s G. ROMS . s " - )
H. Shift register memory : .

111, lnterfacing - 12s 9
A.| Bidirectional bus drivers .

8. Data communicatYons 1ine .
.o ‘ drivers and receivers

C. Baud rate '

. . D. Level translators .
& - E. Serial.and paraliel AR
y V. Hardware 8 "6
. A, The bus system
- . B. lﬁput and output ports

C.. Memory hierarchy

109 104
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VI. 'Sofgware - . ‘ 7 * 5

L]

: ]
@

D. Prlme’&emory

E., Secondary and backup memory o

F.  The CPU ,
V. Processing Action - 7 5
_ A. Introduction to programmlng o : .

and program processing
B. - ‘Timing and mdltlplexlng

A. Data-transfer group ' ;
B. Arithmetic group -
C. Logical group
D. Assembl —languagerprogrammlng
.. E. The-conditional jump
* F. Interrupts

. \ . _ : - .

STUDENT LABORATORIES - - '

Using integrated circuits, deslgn A Fulﬁ Aadder,

Construct a 4- bit paraliel-in s rdai-out shlft-rlght
register and analyze itsxogeratlon. \

Construct  a 4 'bit serfal-in paral lel-out
shift-right-register and analyze its)operation. . - .
Using integrated circuits design, a pulse stretcher.’ ,
Construct a digjtal-to-snalog cdnverter using the binary
weighted laddefr method.

Construct an analog-to-digital canverter.

Construct a- RAM circuit. and analyze its operation.

Given a microcomputer, determine its RAM Memroy size, type
of addressing used, number of 1/0 ports, .and clock speed.

Design an assembly-language program to add ten numbei's and

using the mnemonics, execute the program on the
microcomputer. : o
Deslgn a program to employ interrupts. .

t

STUDENT COHPETENCIES

.
e o o 2 N o

<

At the conclusion of this course, the student should be able
to:

4 4
. 4 . £
Describe the operation of a half and fuli adder.
Analyze the operation of ‘@ shift register.
Describe an analog-to-digital converter.
Analyze RAM operation. ' . ¢
Interpret mlcrocomputer specificaitions.

Write programs using mnemonlcs and assembly Ianguage.

’. . /
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Student Contact Hours
Class Laboratory



Th}s course s

hardware.

PREREQUISITE: . Digital Electronfics

"DIGITAL APPLICATIONS

* COURSE DESCRIPTION

CO-REQUISITE: ‘Linear Integrated Circuits

CREDIT HOURS: 4-3-5

COURSE OUTL INE " .
Class
yComputer Arithmetic 8
JA. Algorithms _
B. Addition and subtraction -
. C. Hal)f and full adder
D. Ones ¢ lement and twos .
comp| nt addition /
N ONY * subtraction
-4 E. - BCD v ,
F. Half and full substracters
G. The ALU
I1. Memory Systems N e
: A.. Core memory )
B. Semi—conductor RAM .
" C. The register concept
D. RAM specifications
- E. .Statiec RAM _
‘F. Dynamic MOS memory '
. G. ROMS
- H., Shift register memory e y
1. lnterfaciqg 712
- A, Bidirectional bus drivers
B. Data communications line .
drivers and receivers
C. Baud rate '
) D. Level translators
E. Serial and parallel
1V. Hardware .8
A. The bus system
B. Input antl output ports
C.

Memory hierarchy
’ P

designed to 1ntroduce the student to the
microprocessor. Emphasis. Js placed on the microprocessor s .

Laboratory
6

AR



ya _ : Class Laboratory:
" AD.. Prime ‘memory A ' : .
/, E. 'Secondary ‘and backup memory '
T E. Thecry .~ * .~ 7.
: o ~
V. Processing Action ' 7 . 5 '
A. Introduction to programming " .
and program processing . ¢
B. Timing and multiplexing
VI. Software . - s 7 S ?
- A. Data-transfer group .
B. Arithmetic group ' ¥

C. Logical group
‘D. Assembly-1anguage programming
» " E. The conditional jump
 F. Interrupts .

STUDENT LABORATORIES E | /
) . o~ —‘. . . 3 L] °
‘//” - Using integrated circuits, design a full adder. .
- Construct a 4 bit parallel-in serifal-out shift-right
.register and analyze its operation.
. Construct a 4 Dbit serf{al-in paral lel-out

. Shift-right-réegister and analyze its operation. v

Using integrated.circuits. design & pulse stretcher..

. Construct a digital-toranalog converter using the binary
weighted ladder method. o

Construct am analog-to-digital converter.

. Construct a RAM circuit and analyze its operation.

Given a micrécomputer, determine i€s RAM Memroy si{ze, type

, Of addressing used, n er of 1/0 ports, and clock speed. °

Design an assembly-ldnguage program to add ten numbers and

using the mnemonics, execute the program on the

microcomputer.: -

. Design a program to 3?ploy Interrupts.
‘ o

STUDENT COMPETENCIES v

At the conclusion of this course, the student should be able
to: . : ) |

Ded@rlbe the operation of a half and fuld -adder.
Analyze the operation of a shift register.

Dedcribe an anaiog-to-digital converter.

Analyze .RAM operation.

Interpret microcomputer specificaitions.

Write programs using mnemonics and assembly, language.

\ 107 "
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. Analyze ROH. PROH. EPROH. and EE PROM operation. . . -
. Défine software, hardware, and Flrmware. : o
. Describe the qiffenantﬁ addresslng modes of the

microcomputer..
- Describe a dlgltal-to-analog convertor. P
RECOMMENDED TEXTS ~ 7 .
I3 ~, -

. Bywater, mmﬂu_mm _Of M__mm;

Prentice-Hall, 1979,

i+ Coffran & Long, P.cns&.l.cﬂ_l.nm&_ma for Hig:gg[:ggggggt
» Systems, Prentice-Hall, 1983. R

nano.,mmmmmwm.~ Prentice-Half l979~_

* Tocel, « Digital Systems: F’J-Jgs_lmm Amu.pns.mm
Prentice-Hall, 1980.
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‘DIGITAL ELECTRONICS

COURSE DESCRIPTION _ ,
This course will 1ntroduce the student to basic digital

circuits. Circuit analysis and troubleshooting techniques sre
also emphaslzed.

COURSE
l-.

11.

I1l.

Iv.

! PREREQUISITES: Electronic Devices¥ Circult Analysis
CREDIT HOURS: '4-3-5
OUTL INE

’ Class l.aboratory
lntroductlon to Dlglta- Technlques S ' 10 '
A. Number systems
B. Logic symbols and gates e

C. Basic Boolean Operatton
D. Laws and theorems

Integrated Logi¢ Clrcults 7 6
A. Types, classi{ification, and .
- fdentification

B. Parameters an~” characteristics
C. Logic famil a

D. " Practical ¢ * cfircuits

E. Simplificati. techniques

F. Decisfon making logic elements

-

Fiip—~Flops and Registers -7 6
A. D-type ‘

B. T-type

C. JK '\k
D. Registers _

Sequential Logic Clrcuits 7 6

A. Counters

B. Shift registers

C. Clocks and one shots
D. Adders

E. Subtractors

Combinational Logic Ci. cuits 7 6
A. Encoders

B. Decoders

C. Multiplexers

D. Demultiplexers

E. Code converters

13 « 109



- Student Contract Hours
. o | Cl JI . Laboratory ‘
VI. Memory Circuits : ; 6 -

. A. Types of memories
- B. ROM
) C. RAM |
D. PROM . , e
STUDENT LABORATORIES ‘ /

. With the aid of ' Oscilloscopes, Voltmeters, Pulse
Generators, Logic Probes, and Truth Tables construct and -
verify.-the function of the following Logic circuits:

. AND - '
. R
. /’ NAND
/e NOR
Exclusive OR | ‘
FNfp=Flops K
Counters . - —
. Timers
Adders
Subtractors
Dividers

L Y - ’

* o [ ] L] ° [ ] [

STUDENT COMPETENCIES

At the conclusion of this course, the student will be able ‘
to: ’ .
. ldentify logic gates and functions. .
. Connect various gates to produce combinational logic
circuits. -~ -
. Diagram a basic logic system from a problem statement.
. Troubleshoot and repair basic logic and digital circuits.
- Interpret specifications from manufacturer’s data sheets
for digital circuits. *
., Perform conversion between various number systems. .
- Describe the characteristics of the most commonly used

‘ logic familties. '
RECOMMENDED TESTS "" \
RDigital Technigues, Book 1. Benton Harbor,Ml: Heathkit
Learning Publications. \
Williams, Gerald E. ftal Technolo Chicago, |IL:

Science Research Associates, .Inc.

Willlams, Gerald E. Djaital Technology. Lab manual. Chicago,
IL: Science Research Associates, Inc.

110
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. ELECTRICAL POWER AND DISTRIBUTION I

"COURSE DESCRIPTION o

Electrical Power and Distribution presents fundamentals
of polyphase,-AC circuits, electrical generating equipment,
transmission, and distribution systems. Emphasis s placed on
equipment, and components used’ in I{ndustrial® distribution
systems: transformers, switch gear, conduits, metering, etc.
Fault and overload 'protection and reactance. compensation of
vari{ous loads - for power factor correction and the
reading/sketching of schematics {s also covered. Students
will examine several power systems in operation and recognize

" the relations of the various components and equipment,

PREREQUISITES: AC Circuits
CREDIT HOURS:  4-3-5

-
COURSE OUTLINE . - Student Contact Hours
- Class Laboratory
I. Three—-Phase Circuits » 10 7
A. Polyphase systems—reaview e
10,30 circuits cufrent, '
voltage, reactance, vector
diagrams, true-apparent
power . s
B. Three-phase alternator - NEC
article 445 :
C. Power output of a 3-phase
alternator
D. Wye and Delta connection
E. Phase sequence and unbalance
circuits )
F. Unit substation - H&L voltage
NEC 230-209 article 280,450, .
250-94 grounding '
G. Feeder bus system, NEC article

L]

364
H. Panel boards 7 subfeeders, NEC
article 384 ¢
1. Tgansformer Construction 1o~ . 7

A. Theory of operation
8. EMF of induction
- C. Losses {n transformers b

D. Types of transformers

E. Construction of power,
distribution and current .
transformers, NEMA, standards,
protection, NEC article 210

F. System protection, breakers,

115
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: LY Student Contact Houyrs
) Class Laboratory
fuses, ground fault-NEC
article 210 }
G. Systgm coordination

Il Circuitry and Cooling 10} \ 7

A. Construction of magnetic
f circuit exciting current load .

B. Loading AC circujts-power ™
means of corrfection,
synchronous -condensers

C. Current circuft-types of -
,windings,’ copper loss &
efficfency reactive voltage-
regulation

D. Insulating classes, ANSI &

NEMA
E. Devices: temperature, pressure
- ofl-level
“IV. Transfaormers per NEC 12 "5
" A. General prowvisions . )
B. Voltage levels '
C. Vaults"

D. Grounding - overcurrent
protection
E. Transmissfon 1ine equlpment

(
STUDENT LABORATORIES

s & 23

Examine the electrical distribution and switchgear system
at the school and draw a schematic to accurately represent
this systew, identifying major components and locations.
Also draw a schematic of electrical distribution system of
one buflding including the electrical laboratory. N
Examine an operating bus duct system .and draw a
representative schematic identifying all components and
location.

\Hook up a slngle phase transformer, connect a load. record
lnput and output current, voltages, and power. Check
polarity, impedance voltage and copper los}es~ Calculate
step-down ratio and efficiency.

Parallel two single phase . transformers and check load
distribution.

Connect three single phase transformerss delta-delta,
delta-wye, and wye-wye operation. Connect 1load check
current and voltages on primary and secondary.

Lab-volt - #b - Safety and the power supply. .
Lab-volt - #2 - Phase sequence.

Lab-volt -~ #3 ~ Real power and reactive power.

Lab-volt - #4 - Power flow and voltage regulation of a

" 116_.112
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sl%ple ;ransmlsslonﬁline. v -« . ‘ '

. .
f// * (or equivalent) .

STUDENT conPETqﬂCIEs

- Explain the purpose and identify the basic components of

- alectric power transmission systems from generating plant
to user. - . .

. List and explain the purpose of basic components and
arrangement of {ndustrial electric power -distribution
system from the genersting plant to various sy
for manufacturing processes. AB T

. Draw schematic . (elementary) diagra using proper

electfical symbols of -electrical power distribution
systems as employed in utilities and industry. E

4 . Define such terms as synchronizing (paralleliing), phase
rotation, true power, reactive (VAR) pPower,, power factor™
correction., E . !

. - Describe methods for power factor correction on polyphase

“we ' circuits by capacitor banks and synchronous condensers to
- meet utility standards and {ncrease ~line capacity; -
J/ actually measurtng amps, watts, vars, and calculating
power factor. Yo ‘
- Utilize National Electrical Code bopk to determine proper
Qh\ construction and application, including safety of a

transmissfon system, including power transformers. ®
‘ | RECOMMENDED TEXTS '
Gi lbert and Edwards, Transformers, Américan Techn{cal
Publishing, Chicago, IL . )
) .NFPA. ational 1 rica e nt Ed n. National
Fire Protection Association, Boston, MA -
smith, RObert L., Electrical Aultlng Industrial, 'Delmard

Publishers lnc..‘flbany. New York

wifde. Theodore, Electric Power Tr m fon
(Lab-Volt), BUck Engineering Co., Inc., Farmingdale, NJ

II * \
/

/ ) N
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.ELECTRiCAL POWER DISTRIBUTION: 11
COQBSE DESCRIPTION I ¢~k )

[ . * had
Transmisslon of power by various tftansformer connection ~

-utlllzlng tap changes for load and ‘1ine voltages will be

covered. Reactors' for current limiting under fault

rconditions, and transformer maintenance will also be covered.

Efficiency of line systems will be emphasized {ncluding
special transformensh : N . )

'PREREQUISITE: Electrical Power and Distribution I

/ . )
CREDIT HOURS: 4-3-5 : ‘ -
COURSE CONTENT student Contact Hours
Class - Laboratory
I. Transformer Connections 8 6
A. Voltage transformation .
" B. Polarity: single phase
transformers
C. Single-phase transformer _ ' W
connectlons-voltage vector ’
dia : ? =N
D. Ph e transformatlon—three ’
.phase to two phase . - -
E. Potarity: three-phase
transformers

. F. Transformer connection-open
delta capacity voltage vecﬁor
diagram i .

G. Parallel operation
H. Requirements for sat{sfactory
operation

1{. Tap Changes ,. 7 T 6
- A. No~load tap changer
B. Tap changing under load
C. , Phase-angle control , i
)

I111. Special Transformers 7
A. “TAutotransformers . '
B. Operation-output rating-
limitations

IV. Reactors ‘ . 7 3
A. : Current-1imiting reactors
B. [Pnductance-reactance-
construction types

V. Transformer Maintenance 7 0
A. Safety first .

' 119
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. . ©o ~ . Class Laboratory

) , B. Suggested transFormer . '
) ' v safety standards . . ) ; . W
v . C. 'Purpose of transForme[ < o ' ‘..
' ) - maintgnance - - ‘
LI _D. Inspectfon and maintenance h oL
. K €. Insulption tests .
' °. ~+ - Fy Internal inspeetion.of core
] . * | pand-colls . J .
‘\\h\' y G. Tips on transformer mainten;ége .
* . J b ' ) .
5~*>\ 1 Vi. Electrical Power Transmission' 7 N 6
' Systems v . _ . -1
A. . Alternator : - :
* B. Synchronous motor ' - ,
C. Synchronous,pondenser and
1long lines . .
. D. - Buck-boost, phase-shift -
’ transformer i
F. Transients ,Q

{

STUDENT LABORATORIES

. Connect and operate two single phase tré}rformers in

P parallel P K
. Checking polarity for correct connection.
. Connec# three single phase transf-‘ormers for three phase ‘
load using delta-wye connection. -

. Measure load-using two watt meter method, (‘atts. vars,
kilovolt, amps).

Calculate step-down ratio, losses and efficiency.

« . Vary reactance loads on each pases and ngte power Factory(

of :Estem.,
Use alternator connected to a DC load.
Observye the functioning of a synchronous motor.
- . Demonstrate a synchronous condenser regulating the
' recefved voltage. ~ . ' -
Observe the divisjon of power between two transmission
e 1ines itn parallel. i » .
Demonstrate a synchronous tor under load.
. Demongtrat@ the shuntfng of a synchronous motor. .
Observe the power fluctuatibn under abnormal transmission
line conditions. _
Observe real and readéive power flow as a function of the

H

L[ ]

-

. Phase shift between sg¢nder and receiver voltages.
Observe transmissi l1ines faults, balanced and
unbalanced.

. Observe positive, negative and zero. sequence impedances Qf
. a synchronous machine.

. Observe phase-shifts of three-phase transformers.

-4\ .
.3; - @
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RECOMMENDED TEXTS

| ) -
" Glebert and ' Edwards., Iran8formers, American Technical
Publishihg, Chicago, I11. ' o ' :
NFPA, ' 1t National ¢
) Fire Protect,log Association, Boston, MA
.. Smith, RobertmL., ' 1, Delmar

Publ'lshe‘rs Inc. Atbany, NY
3 \ »

- ' . Wilde, = Theodare, Eleckric _Power mEdJ.:.ﬂ_qn_ium..
(Lab-Vo'lt), Buck Engineering Co., Inc., Farmingdale, NJ '

> .
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' ELECTRQUECHANICAL DEVICES -
cdunss‘ DESCRIPTION »

L3

Elpctromechanlcal Devices s .designed to provide the

.student with' a -working nowledge - of. control &lements in

electrical circuits, transformers, generators, motors, and
synchromech anlsm? Topics presented include power losses in
transformers, arge alternstors, DC mofor controls and

 efficiency, three-phase AC motors, synchronod® motors, single
. ang .thrge-phase {induction . motdrs, stepper motors, . and

clapslf ations and applications of synchromechanisms.
* . .

PREREQUSIITE: Circuft Analysls

CO-REQUISITE: None - - ) o ~r
CREDIT HOURS: -4-3-5 ‘
COURSE OUTLINE™ %

l. Electromechanical Devices: 2
An Introduction .
A. %zgnetlc .forces and Flelds
B. origin of magnet{sm . _ ‘k\,
C. Magnhetic fields of electric currents
‘"D. Forces of charged particles
moving through magnetic- fields
E. Generator action oo :
F. Motor action ’ - .
G. Transformers :

l1l.. Control Elements in Electrical- - 4 K|

Circuits

A. Switches . .

B. Testing and maintenance of v
switches ) ) ‘ //

C. Relays

D. Testing and mainterance of
relays

E. Relay circuits [

F. Fuses ’

G. Checking and replacing fuses
H. Checking circuit breakers -

[11: Transformers . 4 3
A. The basic transformer ' T
B. Power losses in transrormers
C. Power transformers
D. Auto transformers ' ~
E. Other transformers
F. Troubleshooting transformers

-

V- ( 123 117

student Contact Hours
Class - Laboratory .

a
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' 1v.

vi.

4 ¢
-

Vii.

’ "Class
Genefatgrs and Alternators . 4

.

“A.: The s{mple DC generator

B. Construction of DC generators
C. Fleld coil connections fn
DC generators
D. Operation of DC generators
E. The alternatbr
F. Automobi{le alternators’
G. Large alternators
H. Operation of alterna*ors
I. Maintenance, .°

" DC Met®rs ang Controls PO ] '8
K. The simple DC motors ™~
B. Construction of DC motors .
.C. DC-motor controls.
D. Motor effictency PN
E. Motor mafntenance and
troubleshootlng
AC Motors and Centrols 10

A. Three-phase ‘AC motors
l. rotating ‘pagnetic Fields
2. synchronous motors
3. {induction motors
4, power factor iIn AC motors
B. Synchronous motors .
1. rotor construction .
2. fleld excitation and nower
factor
3. starting synchronous motors
4. applicaticns of synchronous
motors ,
C. . Three-phase {nduction motors
- 1. rotor construction
2. starting three-phase tnduction
g motors

applications of three-phase
fnduction motors.

4., wound rotor motars .

D. Single-phase {nducttan motors
1. capacitor] - start tors
‘2. permanenttcapacitor motors_
3. repulsion-induct?gn notors.
4. shaded-pole motors '
5. speed control of single-

phase {nduction motors’
E. Untversal motors

-

St.epper Motors -, 4
A. Operation of the stepper motor
B. Stepper motor control o

&
s 118

student Contact Hours
f}aborptOry
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, ‘ . Clas “Laboratory
“VIll. Synchromechanisms v 4 3
: ) A. The synchro transmitter
B. The synchro receiver
C. Differential synchro.
, . transmitter and receivers . "
D. The synchro control \ .
transformer
. E. Classification of . :
synchromechanisms ’ \
. Applications of :
+ synchromechan{sms ¢ . . .
STUDENY LABORATORIES | / ¢

"Construct common control circults us!ng switches and

Examine the characteristits and diagram -the magnetic
flelds of permanent magnets and electromagnets.

relays. s - 7
Construct c¢lircuits and measure efficiency of a poqu
: ' l

transformer. )
Set-up a generator and an alternator and measure the

output characteristics. .
Construct a motor circult and measure the, output
characteristics of ‘a s wunt motor.

Set up, operate, and . determine the functionthg
characteristics of .synchronous, induction, and universal
motors. ' - : .

'STUDENT COMPETENCIES

to:

. 2lectrical circuits,

At the conclusion of this coﬁrse.,the student will be able

' \
Diagram and explain the components and relationships of
basic magnetic and’'electromagnetic systems. . :
Use the right hand rule to determine direction of force on
& conductor gor a current carrying a ductor n a
magnetic eld. ‘
Ident{fy, diagram, and explain the functioning
characteristics of basic types of relays uged 1In
Identify, diagram and explain the function of basic fuses,
Congtruct a relay control circult. .
Diagram, label, and explain®  the functioning
characteristics and the components of basic types of

. transformers.

Determine primary voltage and current, secondary voltage
and current, input power and efficiency of a transformer.
Test transformers for corzinuity of windings, and shunted
windings.

Diagram, label, and explain the funct!oing characteristics
of basic generators.

-
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. Operate a DC generator and alternator and determine their .

_ operat ing characteristics. . d
Lo . Diagram, labcl, and explain th components and Functloning -,
. characteristics of common of DC Motors.
. Specify appropriate types f motors for a given mechenlcel
' load.
a : . Dfiagram, label, and explajin tne componants and functioning .

charecteristlce of common AC motors.

. Construct, “test, and plot the curve of-a DC motor circuft.

. Dfagram, labe}, and explain the components and - Functloning
cherecte_ristice of common types of AC tors.

. Given necessary data , determine thel/number of magnetic
Poles, synchronous speed, operating speed, slip speed of
common AC Motors. : _ : :

- Operate properly uyniversal motay, shaded pole motor,
capacitor start motor. ‘ .

¢ RECOMMENDED TEXTS

. . Center for Occupatienal Research and Development.
. E1estcgmesnenisel_nexlgezL Waco, TX: CORD, 1981. -

Alevich, Walker; N. E_.gg_triLHQ;grjg_jLQ_]_,_ ~ New York: Van
K Nostrand Publishing Co., 1975.

' Anderson, Edwin P. . Electric Motors. Indiangpolis, IN:
. Theodore Afde and Co., 1969. ‘ .

3 Fitzgerald, A.E. and Kirply, Charles, Jr. c
New York:." McGraw-Hil1l Book Co., Inc. 1952.

-
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, [ ELECTRONIC DEVICES
. @ | COURSE DESCRIPTION

This course s desighed to provide the student with a
working kriowledge of electronic - devices. This course will
. also develop the student’s ability to connect and test basic
' disgcrete -solid~state componerits as well' as basic vacuum tube
circuits. Topigs - include vacuum tube diode and triode,

- bipolar Jjunction transistors, ‘and other devices and integrated .

. cigfults.
| PREREQUISITE: Fundafientals to Electricity and Electronics -
CO-REQUISITE: Circuft Aralyb(s | .

’ -~
CREDIT HOURS: . . 4-3~- . } - . ¢
\ COURSE OUTLINE g ,
Ty ) Class Laboratory
I. Vacuum Tuve Diode and Triode 4 3 ]
A. Introduction to active .
! devices .
v B. Physical qharacterisf%c
. C. CRT operation
' D. Triode characteristics
. ‘€E. Load resistahce
F. Gain
G. Phase relationships
H. Basic vacuum tube amplifiers
Il1. Semiconductor Diodes 6 6
A. Atomic /'theory for semi-
- conductors
B, Sflicon, germanium, and PN
Junctions :
C. Dipde applications ;
Il1l. . Zener Diodes and Other Two- 8 )

‘Terminal Devices
A. Zeners - basic circults
B. Schottsky diodes ) :
C. Varactors (varicaps)
D.. Photodiode
E. Light-emitting diodes (LEDs)
and IR emitters
F. Liquid crystal diodes
G. Solar cells s
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Student Contact Houyrs = ,

Class Laboratory .
H. Thermistors ’ . " _
I. Industrial devices

1V. Bipolar Junction Transistors . 14 . - 9. <

“(BJT) and-Other Active Devices s .
. A. - PNP and NPN atomic _ : '
T~ charactéristics .
' B.. PJT operation £ ci
C. Amplifying action . S . *

D. Amplifier configurations;
: commoh base (CB),- common . :
A emitters (CE), common - -
col l'ector (CC) - .
, E. Specification sheets
‘ F. JFET and MOSFET characterlstlcs

G. FET operation
H. Ampllfylng action
I. Amplifier configurations : -
J. Specification sheets -

V. Integrated Circuits

A. Types of ICs : \ -
_ B. Application of ICs '
\ C. Construction of ICs3 o : , '

®  STUDENT LABORATORIES

. v+« Construct and test a common cathode amplifier.
. . Design, build, and test a clipper and clamper circuit.,
. Design, build, and test a half-wave rectifier and
full-wave rectifier circuit. : ’
. Design, build, “‘and test a half-wave filtered power supply.
. Design, 'build, and test a full-wave filtered power supply.
. Construct and test the common base. common emitter, and
comman collector amplifier.
. Obtain "characteristics of the triac, diac, SCR, and zener
Asing the curve tracer.
Determine output vqQltage of the solar cell under different
“Tagd conditions.
. Construct and test common gate, common source, and commdn
drain amplifiers. _ .
. ldentify pin configuration, 'package type, . and
characteristics of the I{integrated circuit using - the
specifications sheet.

-
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STUDENT COMPETENCIES 7

—' Upon completion of this course you will be able to:

. Define the following terms:
’ Vacuum tube
Semiconductor diode : -
Zener diode
Schottsky difode
Varactor )
" Photodiode
LED
LCD :
Solar cell -,
Thermistor
SCR
Diac
Triac
' - BJT . )
- o FET , . ~ul®
Integrated Circuit
. Liast and -explain applications for all of the above
devices. )
. Analyze the above devices’ operation using specification
sheets and characteristic curves.
. Construct and test a common cathode amplifier.

‘ - Demonstrate the application of semiconductor diodes by

. constructing and testing clipper, clamper, half-wave
rectifier, and full-wave rectifier circuits.

- List characteristics and applications of the common base,
common emi{tter, and common collector amplifier.

«- List characteristics and applications of the common gate,
common drain, and common source amplifier. '

. List characteristics and applications of the common
cathode amplifier. ' -

. List types anc -applications of fntegrated circuits.

. ldentify pin configurations, package type, and ~)
characteristics of the integrated circutit «+ with the
specification sheet.

- Construct and test common base, common emitter, and common
collector circuits.

. Construct and test commmon gate, common source, and common
drain amplifiers.

- Use a curve tracer to obtain the charagteristics of the
triac, diac, SCR, and zener.

« Determine output voltage of a solar cell
¥ ]

‘.




RECOMMENDED TEXT . | . |

Boylestad, Robert, and Nechelsky, Louis. Electronic Devices
and Circuit Theory. Englewood Cliffs, NJ: Prentice-Hall.

L 4
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ELECTRONIC INSTRUﬂENTATle
COURSE DESCRIPTION

‘This course Is designed to develop the skills of the
student . In the area of Electronic Instrumentation. Through
lectures and practical applications, the student will develop
the skills required to maintain electronic transmitters.
recorders, and controllers.

b J

PREREQUISITES: Instrumentation & Controls r— -
CREDIT HOURS: 4-3-5

[ 74 *»
COURSE OUTL INE . . t
: Class Laboratory
l. Electrical Saf 3 2 0
A. General electrical safety :
rules

"B, Eliminate working on hot
circuits when possible
C.., Removing other personnel from
hot circuits

1I1. Auxiliary Electrical Devices 2 3

-and Means for Recording Data
" A. Timers
B. Relays, contactors. and
» electromagnetic actuators .
C. Synchronous transmitters and ’
: receivers » «

D. Electrical transducers-pressure
temperature, thickness,
position, light, intensity,

speed
I11. Electrical Control of Temperature, 2 3
Energy, Speed, and Motion -
« A. Temperature control, the heat

transfer problems
B. Magnetic, hydraulic, and .
electromechanical devices / \,

IV. Electrical Pressure Transducer 2 3
A. Spans covered by the various
_ types cf instiuments
B. Magnetic flow meter principles
C. Differential pressure,with
mechantcal Integrator and square
root extractor :
D. Variable-area flow meters :
E. Devices for measuring the ~ \
+ fFlow of dry materfals

1
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VIi.

VII.

F.

[ ]
L

Automatic weighing,
transmission and
totalizing

Electrical Level Transducers

A. Probe-type elements
1. . . Thermal
2. Capacitive
B. Ultra-sonic elements
C. Capacitance .
D. Radiation
E. Strain gauge
Electrical Temperature
Transducers. .
5. Span and range of the,

E.
F.

' G L]

Potent iometric Devices

A.
B.

C.
D.

various fypes of electrical
thermometers .
Resistance-type transducers
1. Met 'lic

2. Non-metallic

Bridges

Calculate range resistors for

the measuring circuit of a
class 15 recorder
Thermocouple measurements,
installation and use

n n

Class Laboratory
6 6
8 6

Radiation and optical phyometry

Indicating and recording
instruments

1. Millivoltmers:

2. Electro-mechanical and

electronic potentiometers
3. Automatic potentiometers .

Temperature-measur ing practices

1. Speed of response
2. Span

3. Location and type of sensing

o 3

element
4. Dyhamic errors
Determine resistance vs.

temperature for both positive

and negative thermistors

’

Basic Thebry

Manual vs. automatic
standardi{zation

Constant voltage unit
Monitoring, scanning and

supervision
. 126
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. . Class Laboratory
Vill. Indicating, Recording, and
Registering Equipment
»  A. Records, indicator, and .
- data storage :
B. Central recording and ., -
control vs. remote single
stations A
C. Ho@ltorlng..schplngx’and
supervision
D. Compare the circular chart
with the strip chart type
recorders for accuracy and
’ ease of reading .
IX. Analytical Instruments 4 3
A.' General types and applications
B. Thermal conductivity gas
analyzers
C. Oxygen analyzer N
D. PH meters '
E. Gas chromatography
F. Combustible~gas analyzers
X. Radiation-type transducers 4 0

A. Types of radiation
transducers and . .
_ applications - ‘ '
B. Thickness measurements ‘r
C. Level measurements
D. Density measurements

STUDENT LABORATORIES

Repair and calibrate pressure to current transducers.
Repair and calibrate current to pressure transducers.
Repair and calibrate magnetic flow meters.
Repair and calibrate electrical square root extractors.
.Construct and calibrate a Type J thermogouple.
Troubishoot and calibrate a single‘ point class 15
recorder, .
« Troubleshopt and calibrate a multi-point class 15
recorder. . _
. Calibrate a PH meter using standard solution.

- Lg “

* o [ ] [ ] [ ] [ ]

STUDENT COMPETENCIES

. Repair and calibrate pressure to current transducers.

.+ Repair and calibrate current to pressure transducers.

. Repair and calibrate magnetic fiow meters. _

. Calculate range resistors for the measuring circuit of a

P
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.

class 15 recorder. .
Construct and calibrate a Type J thermocouple. .
Determine resistance vs. temperature for both postive and
negative thermistors. :
Trouble shoot and calibrate a single point class 15
recorder. 4 ' ' . "’
Calibrate a ph meter using standard solutions.

.
*

<
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. . ENGINEERING GRAPHICS 1
COURSE DESCRIPTION -~ . A

basic/skills and techniques used to communicate lnformatlon
and deas graphically. Topics to include: ‘ en Introductlon
to freehand sketchings graphic drafting techniques and
procedures, schemnsic drawlng; g,scriptlve geometry; and
«computer graphics.

A?> Introductory course to provlde the tcchnlclan with

-

PREREQISITE: Algebra. ) . o
CO-REQUISITE:  Triggnometry ‘
CREDIT HQURS: 1-6-3 |

* COURSE OUTLINE | | . st act

Class - Laboratory
1. Technical Skeftching - 1 _ 9
A. Sketching lines, circles, . . -
: .and arcs ' < .
. B. Using the box construction
technique

‘ | C. Sketching in {sometric -
. D. Sketching in obl ique

. , 11. Drafting Fundamentals 2 15 .
a . , - A. Use of instruments
' B. Lettering . -

C. Alphabet of |ines
D. Drawing reproductlon
, E. Scale
F. Dimensioning and tolerancing
G. Geometric. constructlon

techniques - ' -\
2
I11.” Orthographic Prodection 2 15
- A. Third-angle p oJectlon in
drawing
B. Section drawing
lv. Pictorial Drawing 2 . 12
. A. Drawing objects in Isome&pjc
V. Schematic Drawing )& 1 6
Vi. Descriptive Geometry . 2 - 12
A. True length, siope, .
p and bearing

B. Auxflfary views
‘ . C. Developments
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L/
N . Class . Laboratory
I. Computer Graphics . 1 >

A. Drawing on CRT
B. CAD introduction

I. Overview .of Ehgineqring Graphics 1
Drawing in Industry

STUDENT LABORATORIES

Make freehand sketches in {isometric and oblique.

Use drafting instruments to make simple drawings involving
geometric construcion techniques. - . ~
Make drawings of objects in orthographic.

Make {sometric drawings of simple obJects.

Make schematic drawings’.

Find true length, slope, and bearing of Iines.

Make developments of objects. é& :

,STUDENT COMPETENCIES

At
to:

9 L ]

the conclusion of this course. the student will be able
i . #®

Make simple freehand sketches that will describe an object
or a process in three dimensions.

Use drafting instruments to make simple engineering
drawings. ' '

Draw and interpret objects in orthographic projection.
Draw and interpret simple objects in {sometric.

Prepare and interpret schematic drawings.

Graphically Find the true length, slope, and bearing of a
1ine.

Determine true shapes and sizes of surfaces from

alternative vies utilizing 4he 1ihe and plan methods of

descriptive geometry.
Discuss the use of computer as a graphics tool.

RECONMENDED TEXT )

Luadder, Warren J., F 1

Englewood C11ff, N.J.: Prentice-Hall, 1981.
| ~
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_ EMT PROBLEMS
COURSE DESCRIPT |ON .

The electromechanica! engineering technology . problems
courses. are intended to ‘fe together the knowledge and skills
from —<the dﬂfiro programs. Industrial type problems may be:
used with <tha instructor’s approval. Each specialty
(Industriai Controls, Robotics, {instrumentation, Electrical
Power, and Generic) will have a separate problems course
reflecting its special interests. The problems may be related

-to each other (fi.e. students from various specialties may work

on different aspects of implementing the s k cell).

‘Because of the diversity of the various electfomechanical

options, only genetal guidelines are included in the catalog.
(See "Suggestiong for Implementing a Problems Course")

PREREQUIS!TE: Consent of Instryctor
CREDIT HOURS: 0-9-3

. \e-
COURSE OUTLINE ' '\\\
"~
l. Define Scope and Rules for ProJaEt{
A. Instructos(s) give parameters \ : “
time ( 1 quarter) !
. 2. cost |

/ _ Y

3. effectiveness
¢+ B. Student submits propoaal
1. preliminary sketcher/di
2. performance par t
3. time needed to design and build
4. test procedures & validation
5. cost : .
C. Instructor(s) evaluate and assigh projects
) 1. {individual projects
2. .group projects
3. develops performance contract
a. ti required/phase
b. . prggkess reports
c., grading parameters
4. assigns suitable individual ‘proposal writers
to work with others. .
IT. Implement Projects
A. Design phase
1. student undertakes design -
2. student makes progress review against
obJectives
3. f{instructor evaluates, advises and approves
bufid )
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3 . [
B. Build phase ' W .
1. student undertakes construction oo
2. student makes ' progress review againut
. ) RN . objJectives . .
3. f{instructor evaluates, advlses and grades

C. Test
" 1. student d.vises test and conduc;s it
2. astudent writes test report and/or fallure
“analysis

3. instructor evaluates and grades

D. Engineering Report ;
1. student prepares comprehansive cng!neertpg

: report

2. Instructor evaluatus and grades .

STUDENT LABORATORIES

-

Prcparo sketches and diagrams for ﬁubmittal to |nstructor.
Complete design for inétructor approval and grading.
Build, as appropriate, the project designed.
Devise and conduct engineering tests on the project.

" Compile a comprehensive engineering report on the subject.

STUDENT COHPETENCIES
/TN, |
At the concluslon of this course. the student will be able
to: . . .

« Define a technical problem and design a workable solution. . '

. Design, construct, test, evaluate modify a functional :
device/circuitry/system utilting/¢lectrical, mechanical
and/or ql?ctronic component.

’ ‘ ‘ \ .
. % -
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| - FLUID POWER
. | :

I
COURSE DESCRIPTION

FIUid  ‘Power 1s designed to give the student an. overview
‘of fluid power technology and a working knowledge~of each of
the componenets used In filuid «circuits. Hydrautlic end
pneumatic systems gre covered. Topics include fundamentals
of. fluid dynami€s, coventional fluid eclircuits, and filuid

power components.
PREREQUISITE: Phystes 111
CREDIT HOURS: 4-3-5

COURSE OUTLINE: ' ~ . -

. Class Laboratory
l<: Introduction and Fundamentals of S 6 - :
Fluid Power o : ’
" A. Introduction of fluid power : )
. 1. background and applications
of fluid power.
» 2. advantages and disadvantages
of fluid power
3. capabilities -
4. how fluid power works
B. Basic fluid power systems
l. hydraulic systems
° 2. pneumatic systems
C. Review of physics fundamentals ' -
1. forms of energy ‘.
»2. force and pressure
3. work done by a fluid .
4. power in fluid power systems
D. Basic principles of fluid
behavior
1. the continuity equation
2. Bernoulli’s theorem
3. Torricelli’s theorem
4, Gas Laws
5. Pascal’s Law
6. Charles‘'s Law
E. Basic fluid symbols
F. Summary _ ‘ .
Il. Fluid Power Properties

and ‘Characteristics :
A. Properties of hydraulic fluld

‘1. viscosity
2. viscosity index
3. lubricating ability

139 |
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Student tact: Ho
. Class Labortory .
- 4. rust and corrosion
prevention
5. oxidation stability
6. resistance to foaming .
: 7. flash and fire points
B. Types of hydraulic fluids
) 1. water _
2. . petroleum oils
3. water-oll emulsions
4, water-glycol fluids o
\ 5. synthetic fluids L
{ C. Replacing hydraulic ofl
I11y Fluid Storage, Conditioning 6 3 .
Maintenance .

A. Reserviors and tanks
1. hydraulic reservoirs
2. pneumatic tanks N

8. Temperature Control .
/ ¢ 1. cooling in hydraulic
+ systems '
\\ 2. cooling in pneumatic y
systems.
C. Filters and strainers , : '
1. types of hydraulic filters _ . .
2. location ef hydraulic “
N filters
3. pneumatic filters & )
4. air pressure regulators - N
5. air-line lubricators
6. FRL units '
D. Sealing devices
l. compression packings g
2. O-rings
3. V-rings
4. piston cup packings
v 5, piston rings
B 6. water.rings
‘7. seal materials
E. Summary
-1V, Pumps and Compressors .
¢ A. Theory of pumps 6 3
~ ' 1. positivée-displacememt
pumps s
2. characteristics of
positive displacement
11iquid pumps .
3. nonpositive-displacement
pumpPs . ‘
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' ‘ . .Class - Labor'atory

B. Hydraulic Pumps

1. vane pumps
2. piston pumps ~

3. selection of hydraulic

pumps
4. pump mafintenance
C. Pressure boosters v
D. Afir compressors
1. reciprocating compresscrs .
2. rotary compressors »

3. compressor mnlntenanco
E. Vacuum pumps
F. Summary

. ’ " ‘ '
V. Actuators and Fluid Motors 6 3
A. Fluid power actuators
1. constructon of hydraulic

cylinders
. 2. cylinder operating
sharacteristics
3. construction of air
cylinders

" 4. mouhting and application
. of cylinders
‘ - " - 5, special cylinder types -
6. rotary actuators
7. causes of cylinder failure .
’ 8. cylinder maintenance .
B. Flufid motors
1. hydraulic motor'tyopes )
2.. hydraulic motor performance
C. Summary

Vi. Fluid Distribution and . , 6 3
: Control Devices ° g
. A. Accumulators . $
1. accumulator types .
., 2. accumulator app'!ications
B. Pressure intensifiers
C. Fluid conductors and
ectors

l. - rigid pipes
2. semirigid tubing
3. flexible hoses
4. plastic tubing’

D. Flufid control devices
1. directional control valves
2. servo valves
3. pressure control valves

. ! 4, flow control. valves — /
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. Student Contact Hours-
. AN ' Class Laboratory
5. other control valves
E. Summary

Vil. Fluld Circults . - e 6

A. Fluid power symbols
B. Basic hydraulic¢ cir-uits
‘1. ecyldnder circuits
2. moter circuits
3. speed control
C. Basic pneumatic circuits
1. cylinder circuits .
2. motor circuits ) y
3. speed control , ~ Vs
4. multi-pressure circuits :
D. Synchronous motion-
1. hydraulic cylinders in
: serfes _ ' _
2. fluid motors as - !
synchroni{zers . :
3. air cylinders
4. hydraulic motors
E. Acutator speed W]
1. pneumatic circuits '

2. hydraulic circuits / .

STUDENT LABORTORIES R .

Construct and operate fluid circuits for single-acting
hydraul ic, and double-acting cylinders.

Compare characteristics and operation of the cyl{inders. .
Measure volumetric'efficiency of a hydraulic pump, overall
efficiency of a hydraulic power system, and delivery rate
of an air compressor. .

Construct and operate fluid power circuits for operation
of single-acting, hydraulic and double-acting cyl inders,
and for operation of hydraulic and pneumatic motors. .
Construct and ' operate a circuit using an accumulator to
power. & pressure {ntensifier and a circuit to sequence the

operation of ‘hydraulic gylinders. , ’
A\ .
STUDENT CQHPETENQIES
s . . . Co ~
At the conclusion of this course, the’gtudent will be able

Identify components and describe the function of bpsic

hydraul ic and . pneumatic . power systems; showx all-
connections for operating a single-acting cylinder.

Calcuate quantities for a fluid power system. .

Construct. and operate fluid circuits for single-acting . :

cyl inder. . .
Describe principles of Fjuid behavior .and explain how they
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relate to fluid power systems.

Explain  hydraulic system problems(rust, corrosion, oil
viscosity too high or low, ofl oxidation).

Describe and 11st characteristics of hydraulic fluids.
Construct fluid power circuits, comparing characteristics
and operation of each.

List characteristjcs and function of each major part of a
hudraul ic reservior.

Explain the role of a compressed-air tank In flulid

conditioning In a pneumatic system.

Explain imoortance and me 8 of controlling temperature
of fluid in hydraulic and umatic systems.
Explain,sroperation, advantages, and - disadvantages of
var {ousihydraulic filters, and filter locations.

Explain Noperation of * each element in ‘a pneumatic
filter-rggulator-lubricator unit.

Draw diagrams of .and list applications, and approximate
operating temperature rang=as of various seal materials.
List characteristics, applications, and approximate
operating temperature ranges of various types of pumps .
Calculate delivery rate of a compressor. -

Explain {importance of cooling and how cooling is
accomplished with air and water lp a multistage piston

compressor, . _
Explain operation of reciprocating comp-essors ard of
positive -displacement and nonpositive-displacement rotary
air comporessors. '
Expliain types of damage and maintenance to prevent these
damages to pump and hydraul ic compressors., ,
Measure volumetric efficiency of hydraulic pump,overall
efficlency of a hydraulic power system, and a delivery
rate of cn air compressor.

Contrast differences in the construction components and
functioning capabitities of hydraulic versus pneumatic
cylinders. .

Sketch disgrams and explain operation of common types of
actuators. . Describe common causes for actuator faflure
and malfunction. .

List procedures for troubleshooting damaged cyl inders.
Compare operating characteristics of basic hydraulic
motors(gear, vane, axfial piston, radifal piston).

Construct flufd cirguits for operation of hydraulic and
pneumatic motors and compare operating characteristics.
List and describe the functioning of basic types of
accumulators. ‘

Explafin the importance of common types of conductors and
their applications.

List common types of control valves, their importance, and
their operating characteristics.

Construct and operate a circuft using an accumulator to
power a pressure {ntens{fier and a circuit for sequencing
the operating of hydraulic cylinders.
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. Explain design demands and control characteristics

- important In construction of fluid circuits, including
actuator speed I1imits, slow control character{stics,
synchronous motion, cylinder speed.

A

RECOMMENDED TEXTS

Eluid Power Systems. Waco,TX:  Center for Occupational
Research and Development, 1980. -

. ‘ . P
-Sullivan, James A. Fluid Power Theorv and Application,
Reston Publishing Company, Inc. 1982. ‘
v

Vickers. Mobil Hvdraulic Manual.
Henke. Introdyction to Fluyid Mechanjcs. Addison-Wesley.
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’ . FEEDBACK CONTROL SYSTEMS -
COURSE DESCRIPTION °

. This course provided the student with the classical tools
to analyze closed loop control svatems. Laplace transforms
are used to describe the elemerits of a  closed loop system.
Bode diagrams and root locus plots are used -to examine
stabi1ity. The student is introduced to causes and cures for
system stabil{ty problems. .

<

PREREQUISITE: Circuit Analysis

CREDIT HOURS: 4--3-5 -
COURSE OUTLINE
, - Class Laboratory
lI. Open and Closed Loop System 4 3
A. Open loop control ‘ .
B. Closed loop control
C. Block disgrams
D. Transfer functions
*E. Servo mechanisms
F. - Process contro) T
11. Mathematical Models 8 6
.A. Linearity
B. Differential equations
C. Various systems
D. Simultaneous equations
IIl. System Components 6 3
A. Transducers
B. Power actuators ~
C. Amplifiers . . .
“1V. Transient Response 8 6
A. Input functions
B. First order systems
C. Second order systems
D. Transient response
characteristics R
V. Laplace' Transform Analysis 8 6

A. Laplace transform theorems

B. Application of Laplace theorems
C. System stability

D. Routh criterion

E. Root locus analysis

VI. Frequency Response Analysis 6 6
A. AC Differentfal equations
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B. Polar frequency response //
C. Bode dimgrams e
D. Plots constants, derivatlve.
first order and second ordér factors
E. Frequency response .
F. Stability criterion o : <
G. Nichols| chart ' )

STUDENT LABORATORIES

. Construct an .,6pen loop system of control.

. Construct a /servo machanism system.

/ . Write syst equatfons for mechanical, electrical, liquid. "
and ther systems.

. Demonstrate 'the usg of transducers, amplifiers and power
actuators in a working system.

. Use first and second order 'systems to determine trans!snt
response to speed regulating system. RCL networks, and
positional servomechanisms.

« Determine transfer tunctions for mechanical, electrical,
heat and liquid systems.

‘ Use Routh’s criterion to determine stable systems.

+ Plot root-locus diagram for various open-loop systems."®

< Plot Bode diagrams® for various transfer functions.

STUDENT COMPETENCIES

At the conclusion of tnls course, the student will be able
to:

[ . Describe the performance differences in open and cjosed

loop controlL systems.

. Use Laplace transform tables to convert equations from the
time to frequency domairt and vice versa.

« Reduce a block dlagram to yeild an equivalent transfer
function.

. Describe the physical implicsstons of s and zeros of a ,
transfer function. :E

. Describe the effect of lead-lag compensgtion and gain on |
system stability (gain and phase marging)\ '

.« Recognize conditons that can lead to system stability
problems and synthesize correctjve measures.

. Write mathematical equations on the behavior of systems. »

. Describe the transient response of basic physical systems.

. Modify an open loop t(ansFer function to achieve stabln
opers n. -

. Investigate the effects. of gain and phase compensation on
the iystability of a system.

RECOMMENDED TEXTS

~ Weyrick, Robert C. Fundamentals of Autométic Controff/;;;
York: McGraw-Hill, 1982.

[T Lo
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_ﬁEATlNG AND AIR CONDITIONING CONTROLS

' J/ COURSE DESCRIPTION
Basic principles of heating and air conditioning,

including controls and their function In. the system are
ke ~ covered.

PREREQUISITE: Instrumentation and Controls
CO-REQUISITE: None
CREDIT HOURS: 4-3-5

v COURSE OUTLINE St ta

Class Laboratory
I. Introduction to Air Conditioning -4 3 . -
A. Air-cycle - refrigeration
+ cycle - . ‘ .

B. Cooling equlpment
C. Heating equipment

11. Cooling Equipment of Controls - 8 | e
A. Mechanical refrigeration
-and theory

B. Coc ing systems control
) . C.., Thermostat, pressure and
‘ temperature controllers
' -D. Auxiliary equipment

IV. Heating Systems - Gas Comtrols . 8 6
A. Safety shut-off circult
B. The pllot
C. Residential gas valves

£ 5 D. Water heater controls
4
¥ V. Flame Safeguard Controls : 8 6
A. Principles of flame )
safeguard

B. Flame detection system
C. Primary controls and
programmable controls

Vi. Ofl Burners and Controls 8 Co 6
A. °“ Burner systems » '
B. Flame detectors
C. Ofl primary controls
D. Typical oil hesting system

STUDENT LABORATORIES

. Examine the heat cycle, reFrlgeraﬁt heating system.
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. Examine the cooling cycle, refrigerant cood ing
. Calibrate controliers for optimun operatioh.
. Gas controls: .
troubleshooting safety shut-off clrcul ry.
pilot light.
s e control valve. :
. Troublesh flame safeguard clrcults.
‘e Troubreshoot ofl burner system.

.

STUDENT COHPETENQIES

-

At the conclusion of this course, the student will be able

-

to: .
. Analyze control systems and determine the Functlon of
% each control component.
. C(alibrate control components for optimum oﬁeratlon of
system.
.« Repair or.-replace malfunction components of system.
. Diagfose system problems utilizing wiring and elementary
diagrams. .
. Utilize a psychrometric chart to determine the propertles.
of air as relates to system performance.

[ Y A

RECOMMENDED TEXT,

Appropriate Manufacturer’s Guide - \

W,
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- INDUSTRIAL CONTROLS I
'COURSE DESCRIPTION =~ _ '

This course " gives the student an 'understanding of the
methods .and analysis of electromechanice! control systems.
The theory. and laboratory work will enable the student to
adapt control. components to systems found, in industry.

s’ : 4
RREREQUISITE: Electromechanical Devices
L34 :

.CO~REQUISITE: None

CREDIT HOURS: 4-3-5
COURSE OUTLINE

_ ~ « Class Laboratory
I. 'Protective Devices -~ 3
" A. Fuses ' :
B. Circuit breakers '
C. Relays , ) L
11. Manual- DC and AC Sterters ] : 3
A. Three and four point ,
starters e
8. Squirrel! cage induction
motor starters . .
_ ‘C.. Wotind rotor t{nduction ~ (
“ . motor starters
I[l1l. Automatic DC and AC Starters. 8 6

A. Definite time accelerators
B. . Timing mechanisms
C. Current 1imiting

D. Across the line starters S
E.. WRIN starting .
F. 'SCIM starting .

G. Synchronous starters .

-IV. DC Speed Control S 3
. A. Field control
B. Armature control
C. Plugging : .
D. Braking
E. Jogging
F. Solld state

V. Polyphase Speed Control 5 3
A. Change in frequency or voltage
B. Change in number of poles
C. Secondary resistance control ,
of WRIM ’ &
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Student Contact ugy:ss

o ' Class . Laboratory :
. : \ D. Concatenation and other .
dystems , :
E. Elsctronic controls G
vI. Singlsphase Speed Control - - 3 ' 3
‘A. ~ Reversal o ) '
B. Magnetic controls ' \\\\.
C. Electronic controls . e
D.- Plugging and braking
VIl. Static Controls 6 6

A. Basic logic gates
B. Special logic gates -
* C. Converting to static logic
: D. Designing static logic system
E. A Programmable controllers

* VIIl. Automatic Feedback Control: 5 3
‘ Systems

A. Servo mechantsms

B. Damping types and systems
- C+. Tranducers

D. Modulators and amplifiers
E. Automatic process control
F. Open loop system

G. Closed loop system .
H. Feedback

t

+

STUDENT LABORATORIES

) . Construct a sim&le relay circuit to investigate pull-in,
drop-out properties.
. Construct and evaluate the performance of variotus <time

delay relay cfircuits. ,
. To connect three and four point starters; cam switch hand
drum switch cantrols. e

. Construct across the line magnetic starter, SCIH starters.
WRIM starters.

+ Construct forward, reverse, jog and braking controls.

. Constrqp and compare the methods for reduced voltage
startln92 .

. Construc and compare open and close loop solid state
speed controls.

. Construct and evaluate a capacitor~run motor controllers.

. Construct and evaluate alternator synchronlzer and voltage
regutation.

+ Construct AND, OR, NOR, sealed AND/NAND functions for
static controls.

e . Construct and evaluate static logic motor control circuit.
,/ . Construct and evaluate open and close loop position system.
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STUDENY COMPETENCIES

. At the-conclusion of, this course, the student will be able
(o} . - »
. . \ ]
. Determine the differences between overlosds and short
~.circuits and the type of equipment that provide this
protection.
. Describe and recognize the differences in DC and AC manual
- controllers. Co ‘ :
- Operate automatic starters ‘and determine components
required. . : ' P -
« Describe methods and operation ‘of 0C speed, control -and
brakfng. : . . J
. Describe the operations necessary fAr the various methods -
- of polyphase speed control. :
« Determine the methods of speed control for single phase
. © motors. ' '
\ . Determine the logic systems necessary for static controls.
« Determine the components and devices necessary for stable
control §n both open or closed 1cop systems.

RECOMMENDED TEXTS

Irving L. Kosow.  Contro] of Llectric  Machinesiy

Prentice-Hall. \

.
O *
’
.
’
-
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mousrni\\l. CONTROLS 11

S .

N

The purpose of this course - is to give the student an
understanding .of the methods \ and analysis of electrical
control systéms. The theory a laboratory work will enable
the student to adapt components to contnpl! systems as found in
industry. Robots will be introduced as\part of more complex
control systems. - X ,

COURSE DESCRIPTION

] \
PREREQUISITE: Feedback Control 5ystoﬂi
CO-REQUISITE: None SRS
CREDIT HOURS: 4-3-5

COURSE OUTLINE Student Contact Hours
Class Laboratory

l. Frequency Response Analysis 6 3

A. AC differential equations

,/ B. Polar firequency resonse
C. Bode diagrams
D. Plo f constants, deri{vative,

first order and second order

) factors

E. Frequency response ’

F. . Stabflity criterion”
. G. Nichols chart

Il1. Control System Design \ 5 . 6
#A. General consideratiops
B. Control modes :
C. Lead-lag compensation

I1l. Control System Testing ' (3 3
A. Test objectives
B. Methods

C. Transient resonse

D. Frequency response

E. Velocity-response

F. Control system adjustment

IV. Nonlinerarities in Control .. 5. 6
Systems ) \
A. Small signal
B. Discontinuous
C. Effects
D. Saturation
E. Dead zones and hysteresis
F. Control system adjustment ¢
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- Class Laboratory
V. Robotic Systems | 8 12 .
'3' Types of robots - : '
. Worki envelopes _ (S
7f C. Manipulators

( D. End Effectors
STUDENT. LABORATORIES

. p

« Derive transfer functions that will solve ‘a closed loop
system for propor;ionel control! and determine offset which
may be associated to a step change.

« Repeat the item ebove but add rate and reset modes to the
controller as a means of compensation.

. Using experimentally derived data from a Frequency

) response test on a servomechanism plot the frequency

response curves and determine a transfer function for thls '
system.

. Use approximate linear methods to so've - continuous
noniinearity control problems.

. Determine the stability of a eervomechenism system which
has a nolinearity .control problems.

. Determine the stability of a servomechanism system which
has a nonlinearity such as backlash using graphical means.

. . Examine comparative actuator system of typical robots. .
Diagram their work cylinder. -

. Examine and observe the operation of hydrauflc and ‘
electrical driven robots.

. Manipulate control devices under the supervlslon of your,
fnstructor and write a report on the possible applications
of each.

« Manfpulate a programmable controller to program a robot
based on instructions presented by the instructor.

. Visit an industrial site where robots are in place.

STUDENT COMPETENCIES

\

At the’concluslon‘\ of this course, the student will be able_
tos

- Destribe the design of P and P.1.D. controllers. . .
. Explain the comperRsation methods necessary to achieve
system stability.
. Describe the var jous tests to determine the
characteristics of system and its components.
‘Jtiiize tests to_ establish.system operatfon by examination
of the systeh response.
. Describe the varfious methods of linearizing nonlinearltles
in control systems.
. Describe the development of robots and their
Impiementation into manufacturing over the past decade. .
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« List and describe the elements of an industrial robot
* i system. . )
| ' , . Contrast operation of ‘the power actuator system among
' - electrical and hydraulic robots. - ~ '

RECOMMENDED TEXT , . *

Weyrick, Robert /C., Fundamentals of Automstic Control,

McGraw-Hil1.

pL
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. INDUSTRIAL ELECTRONICS
COURSE DESCRIPTION

~ The student will become familiar with the parameters of
various modern solid state devices and circuits, including

input and output waveforms. In-depth . knowledge is gained.

through lectures, research,”and mpractical applications.
PREREQUISITE: Digital Applications

CO-REQUISITE: None

CREDIT HOURS: 4-3-5

COURSE OUTL INE ftudent Contact Hours
Class . Laboratory

l. , The Sllic‘on-Conth 1ed 6 6
Rectifier . :
A. - Construction
}. P/N Jjunction
. 2. double dicde
B. Characteristics :
1. anode. ' }
2. cathode _ '
B 3. gate ¢
C. Applications
t 1. A/C
' 2. D/c
Il. The Bi-Directional Triod 6 3
Thyristor (TRIAC)
A. Construction
l. two - STCR’s - i{nverse
paraliel
2. two four-layer switches
in paraliel
B. Characteristics : N
l. static switch
I 2. +A/C switch
C. Applications !
1. AC triggering
2. DC triggering

I11. The Bi-Directional Diode . 4 3
Thyristor (DIAC) ’
A. Construction
l. two-terminal semtconductor
2. NPN structure e
B. Characteristics ’
) l. bi-direction
2. negative resfistance
157
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-~ Student Contact Hours
' - , Class Laboratory _
C. Applications .
1. AC Switch
2. relaxation—-oscillator .
IV. Integrated Circuits ' 4 6
A. General construction of IC’s '
1. diffused components
2. component isolation
B. General gate circuits
1. nor gate
2. or gate
3. and gate
4., nand gate
V. Operational Amplifiers 20 12 P
A. Chatacteristics .
1. input impedance
2. output impedance
3. gain
' ' B. Applications
- 1. {inverting a
2. non—-inverting amp
3. differential amp
\ 4. summing amp -
STUDENT LABORATORIES .

. Examine the SCR characteristics curves of the anode,
cathode , and gate.

. Construct practical SCR circuits using CES Lab Kits and
Lab Manuals.

. Examine the ,TRIAC characteristic curves.

. Construct practical TRIAC circuits using CES Lab Kits and
"Lab Manuals. .

. oet up practical DIAC circuits using CES Lab Kits and Lab
Manuals.

. Construct practical digital gate circuits using CES Lab
Kits and Lab Manuals. .

. Construct and observe waveforms {n practical OP Amp
circuitry using CES Lab Kit and Lab Manuals.

STUDENT COMPETENCIES -«

At the conclusion of this course, the student will be able
to:

Set up, operate, and repair practical, SCR circuits.
Construct, operate, anc repaif actical TRIAC circuits.
Construct, operate, and repair practical TRIAC circuits.
Construct, operate, and repair practical OP Amp. circuits.
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~ RECOMMENDED TEXTS

‘ Driscoll, Edward F. Industrial Electronics, Chicago,
American Technical Society, 1976.

Boyce, Jefferson C., : .
N. Scituate, mass., Brenton Publishing, \\‘“»
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INSTRUMENTATION AND -CONTROLS
COURSE DEéCRIPTiON

Provides the student-witha practical knowledge and skills
in the specification, use, and calibration of measuring
devices, and in the principles and applications of auctomatic
control processes. The course stresses the.integration of
knowledge gained in previous courses through the detatlled
examination of control systems for electrical power
production, heating, air conditioning, and manufacturing.
Appropriate symbols must be included if Systems Drawing is not
taught.

PREREQUISITE: Fluid Power
CO-REQUISITE: None
CREDIT HOURS: 4-3-5

COURSE OUTL INE : ent
Class Laboratory
. Principles of Process Control 8 3
A. Instrumentation and control:
the concept
1. open-loop control
L. ©<losed-loop control
3. negative feedback in the

control system N
B. Value operation and fail-safe ‘j
conditions ' &

C. Controller action

D. VvValve and controller- selection

E. Process dynamics - capacity
verses capacitance

F. Pressure control

G. Dead time and lag time

Il. Instruments for Fluid Measurements 4 3
Pressure and Level
A. Control quality of the system
1. measurement theory
2. acguracy
3. pressure measurement

4. ligquid manometers
S. reference values for pressure
measurement

Bourdon tubes and pressure
elements, pressure elemeng ’

diaphragm, strain gauges
6. calibration of pressure

transmitters and gauges
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- Student Contact Hours .

Clads Laboratory .
B. Liquid level measurements .
- 1. float-operated devices '
2. heat-type (or pressure) —
devices

3. capacitance devices

4. conductance electrodes .
5. ultrasonic detectors .

6. radiation detectors Ve
7. displacers '

111. Fluid Flow Measurement 4 .~ 6
A. Flow rate calculations
B. Veloclty'of flowing fluid .
C. Head flow measurement .
1. calculation principles . ”\\\ :
2. flow equations .
3. differential producéers
orifice place, ventur! tubes,
flow nozzle, target meters
4. pressure tap locattions .
vena contracta tap locations,
pipe or full flow tap
. locations, flange tap
locations .
5. viscosity correction
turbulent and laminar flow .
6. practical considerations ’
v appl ications of head flow
k) eters d
. Non-head-type flow meters
1. turbfne flow meters
2. magnetic flow meters
3. ultrasonic flow meters
E. Square root extractors
1. 1{nput
2. output
3. .calibration -

IV. Instruments for Temperature 4 o
Measuremant -
A. Temperature scales
B. Temperature measurement

1. electrfcal temperature

transducers

thermocouples, thermocouple
applications, read-out device
millivol: meésurement).
thermocouple reference junction
compensation, special
thermocouple applications
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Student Contact Hours
Class Laboratory

. . 2. resistance-temperature

measurement

3. optical temperature v

measurement ,
- C. Mechanical temperature
transducers
l. filled thermal systems
QJ ' capillary tubes of the

ftlled system, error and
compensation in the system
~ : 2. bimetallic elements

V. Instruments for Hechanlcal‘) 4 3 .
Measurement .
A. Control practices .
B. Transducers and transmitters )
l. motion detectors - linear L
' | inear potentiometer - a ¢
linear motion to electrical
» - transducers, 1{near motion
~- variable {nductor, 1{near
variable differential
transformer (LVDT),

variable capacitance .
for linear vement
2. motion detectots- rotary /
. ' rotary potentiometers,

rotary varf{able
differential transformer
(RVDT), synchro systems, \
flyball governor
3. Velocity measurement -

rotary
tachometers
. C. Force sensors . R
1. stratn gauge o
2. pleocelectric crystal .

D. Proximity and 1imit detectors
1. contact-type proximlty

o detectors
{A\k 2. noncontact-type proximlty
\ detectors
v E. Applications
VI. Pneumatic Controls 8 6~

A. Pneumatic transmitter: - .
force balance type
1. flapper nole
a., relay
b. feedback
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2.

Class

force balance,differential
pressure

B. Pneumatic controllers - force
balance type
* 1. proportional control mode
2. proporticnal plus reset
control
3. proportional-plus
derivatéve control
4. controller action
5. controller specifications
C. Motion balance pneumatic
instruments ,
D. Signal transducers
l. current-to-pressure
" transducers
2. pressure—-to-current
transducers
E. General applications of

pneumatic instruments

l.’
2,
3.

transmission lag
volume boosters

valve positioners
F. Conclusion :
Vil. Automatic Control Systems. 8
A. Open-loop contrd&is
B. Closed-l1oop controls
1. closed loop or automatic
i feedback control and
control modes ,
. on-off control 7
3. proportiona: control, /
proportional output and gain

STUDENT LABORATORIES

w,
Construct and test a flow and level control system.
Cal ibrate pressure gauges.
Calibrate flow metering devices.
Measure temperature with thermocouple and RTD.
Operate LVDT differential pressure transducer.
Operate a d/P cell with a variable capacitor.
Calibrate and operate a pneumatic d/P cell.
Bench check a8 pneumatic controller.
Construct and operate an open-loop confrol system.
Tune a level controller.

Y
1
it
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STUDENT COMPETENC (ES .

to:

'

"At the conclusfon of thls‘gourse, the student will be able

Define the following terms:

Process

Process control

Open-loop control

Closed-1o00p control

Feedback\

Error signal

Closed-l1oop "control components
Measuring means
Controlli:ig means
Final control element

_Llst the advantages and limitations of the following:

Open-loop control .

Closed~-loop control
Explain the objective and PUrpose of process measurement.
Describe the operating principles theory, and units of an
instrument that performs the measurment of the processes
listed in Objective 2.
Cefine inferred meausrement.
Perform a calculation that relates pressure to level
measurement.
Calibrate representative insturments used in measuring the
processes |isted {n Objective 2. e
Explain operating principles (including description,
characteristics, and applicaitons) of various.differential
pressure sensing flowmeters. -
Sketch a typical differential-pressure flow-sensing device
and transmission channel. -
Install an orifice plate and a venturi tube in pipes;
measure pressure drops as functions of flow; calculate
flows, based on nominal discharge! coefficients, for each
device. .
Calibrate an orifice plate and a venturi tube by making a
differential pressure versus flow curve; calculate
discharge coefficient. ' .
List and define four classes of fil]ed thermal’' systems.
Define the term "inferential measurement” and explain why
temperature measurement is based on this principle.
Measure temperature using the following types of
electrical temperature measuring devices:

Thermocouple

Resistance (RTD)

Optical
Explain how the devices in Objective 2 above can be used
to make the following measurements:

Displacement:

1) Linear
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‘2) Angular

'Velocity -
Force . .
. Explain the operation of a pneumatic transmitter to
measure the following variables: :
Tempearature
Level
Flow
Pressure '
Identify the cPmponent parts of pne tic transmitter.
Calibrate and align a pneunatic transqitter.
Impement the operation of a closed—-loop control sytem by
performing the following:
Install closed-1o0op control components on a combination
level-flow process.
Connect the instruments to perform closed-l1ocop control

function.
Make instrument adJustments to provide optimum process
control.

¢ This includes controller /tuning, trqg;mitter range

selection,and adjustment. .
« Describe a method of control quality evaluation and relate
the effect of each control-loop component on the quality

of the process. This will f{nclude 'a definition and
" explanation of the following terms:
Gain
\ 1) Process .
2) Instrument ” : . .
Capacity : )
Dead time
Lag time -

Process stability
Process disturbance

RECOMMENDED TEXTS

CORD, Instrumention and Controls, Waco, TX  767i0

Austin , Fribrance, u : tr tals,
McGraw—-Hill. -
4

Kirk & Rimbol, Instrumentation, Amer {can Technical
- Pukl ishers. /
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MECHANICAL DEVICES AND SYSTEMS

COURSE DESCRIPTION

-Mechanical Devices is an introductory trestment of modern
mechanical. drives, combining the elements of mechanical
theory with Q?ose of practicality. The topics treated
fncludes: various gear drive configurations employing spur,
bevel and helical gears, frliction drives, and some selected
special topics such as cams and universal joints. An attempt
has been made to expose the student to a practical skill of
mechanical assembly. '

PREREQUISITES: None

* CREDIT HOURS? 4-3-7

COURSE OUTL INE

Class Laboratory
I. Spur Gear 7 21
A. Velocity ratio
B. Torque ratio
C. Simple trains :
D. Compound trains .
E. Reverted gears .
F. Internal gears
1l. Special Gears 4 ) 12)
A. Helical gears
B. Bevel gears
Y C. Worm gea
. D. Cross-helical
I1l. Special Applications 3 9
A. Rack and pinion .
B. Counter rotaters &\//
C. Combined mechanisms
D. Differentials ,
Iv. Linkages . 2 6
A. Terms and definitione :
B. Types of |inkages
C. Linkage analysis
V. Miscelldneous Drives ' 4 12
A. Disk drive
8. Cams

C. Universal joints
STUDENT LABORATORIES

. Assemble a gear and pinion.
. Compute the velocity and torque ratio.
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/
Construct a simple and compound gear train. '
Measure the velocity ratio of bevel and worm gear. .

Solve for the displacement in a.rack and pinion set up.
Make a.counter rotater drive. ,
Set up a mechanlcal differential and measure Iits speed

ratio. _
« Measure and calculate the mechanlcal properties of disk
¢4 drives and rotary cems. '

. Upon examtnation of two or more of various list of
mechines, {identify <type of |inkages used. Sketch and
describe each mechanism movement using| arrows to show
force input and output. .

STUDENT COMPETENCIES - *

Computer gear speed ratios.

Calculate torque and displacement.

ldentify types of gears.

Explain the advantages of a worm gear.

Discuss the purpose of bevel and helical gears. S
Sketch a simple and compund gear train.

Analyze the angular displacement of a dlfFerentlal.

Describe the operation of disk drives. '
Interpret the effects oF the angle of a universal joint on

its velocity output. :
Name and explain the operational characteristics and major I ,

components of common mechancal | {nkages.
. List and describe the used and operational characterlstlcs
of common cams and cam sytems.

RECOMMENDED "TEXT

Prives; Center for Occupational Research and Development;

Waco, Texas
o

Mechanical Devices and Systems; Center for Occupational

Research and Development; Waco, Texas,.

. v Hillwright and Mechanics Guide: Audel
Machinery Handbook |
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MiCROCOMPUTER APPLICATIONS I
COURSE DESCRIPTION
) This course {s a continuation of digital applications and

s designed to emphasize the interfacing of the microcomputer
with peripherals. ,

PREREQUISITE: Digital Applications )
CREDIT' HOURS: 4-3-5 |
"COURSE OUTLINE Ag nt '
, ‘ Class Labératory
I. Mathematical Refinement 4 6 .

A. Multiple-precision numbers

B. Mulltiplication

C. Positive and Negative numbers

D. BCD Addition ) .

1!, Basic 1/0 and Interfacing 8 9
.Techniques
A. Synchronous vs asynchronous
.B. Handshaking
C. Programmed 1/0 vs interrupt 1/0

D. DMA 1/0
E. Memory-mapped 1/0 vs {solated
1/0 ¢ :

' F. Keyboard input
G. Display mutiplexing
H. Video display
1. Data aiquisition
I11. Programmable Periph;;ﬁl Chips 8 ' 3
A. Basics of programmable
Peripheral chips
B. PlQ_ .
c. Serlal—paqgllel

Iv. Data Communication 8 6
A. Synchoronous vs asynchronous
B. Simplex/suplex transmission
C. Transmission codes
D. RS-232C

V. Controllers 12 6
A. Single-chip microcontrollers
B. Stepper motor
C. Stepper motor interface

160,
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STUDENT LABORATORIES

. Write a program to handle positive and negative numbers, .
. HWrite a program to solve problems in BCD. - - '
. Write a program to select an address register and transfer -

- data from the CPU to the peripheral interface bus.

. Write a program to set up the PIA as an input and output
device.

. Construct a circuit using a UART For serfal to parallel or
parallel to serial data handling.

. Construct an interface circuit consisting of
Opto-Isolators. WS

. Connect a8 microcomputer to a perlﬁheral through a UART
interfacing using a 20ma l1oop.

. Connect a microcomputer to a peripheral through a YAUART

interfacing using a RS-232C 1ine.

Connect a microcomputer to a stepper motor.

Write a program to exercise a stepper motor.

Construct A/D and D/A converters.

Write & program for successive approxination using

converters. .

STUDENT COMPETENCIES

Convert between decimal, binary, and hex number systems.

Write programs to solve arithmetic problems. :

Demonstrate the use of 1/0 ports

Program the PIA control registers and use the control ‘

lines as {nput and output.

. Explain the Iinput .and output circuits used in current
loops by means of a schematic diagram.

. Explain who opto-isolators are required 1{in current loops
used with microprocessors. ’

. List the basic capabilities of the R5-232C interface.

. Use a circuit diagram to explain how RS-232C signals can
be converted to TT! or 20ma current loop.

. Develop methods of controlling &a stepper motor with a

microcomputer.

. Demonstrat¥ how a A/D converter can be used with a
microcomputer.

. Demonstrate how &a D/A converter can be used with a
microcomputer.

RECOMMENDED TEXT

The Intelligent Microcomputer, Roy W. Goody, Science Research
Associates, Inc.
»
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PROGRAMMABLE CONTROLLERS

COURSE DESCRIPTION

Provides the technicfan with the basic skills and
techrniques used {in programmable* controllers. Topics to
include hardware, 1/9 modules, powver supplies, ladder
diagrams, memory units, and examine ins uctions.

PREREQUISITES: Computer Fundamentals, Digital Electronics
CO-REQUISTITE: None

CREDIT HDURS - Student Contact Hours
Class Laboratory
[. Introduction and Hardware 4 3
A. Description and programming
B. Processor and [/0 modules
C. Power supply - chassis
assembly (1/0)
D. Program panels and devices

t
1. Basic Concepts . 6 ' 3
A. Ladder diagram/relay logic
B. Memory units
C. Numbering systems review
O. Memory allocations/addressing
E. Sequence of operatfon

I11. Program Panels and Relay 7} ' 6
Equivalent
A. Keyboard and program panels
B. Examine instruction '
C. Output gnd branch instructions
IV. Timer, Counter and Date 8 6
Manipulation
A. Timer and counter {nstruction
B. Cascading timers.counters
C. Word manipulation

V. User Program and Editing 8 (3
Functions
A. Rung writing and fault
response

B. Memory use and documentation

C. Program and specific
fnstruction

D. Clearing memory and changing
program
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: v Class Laboratory
VI. Coding and Documentation of 4 3
PC Programs
A. Sequence, device testing
and program entry and
testing
B. Simulate operation
VII. Review Program 2 - 3

STUDENT LABORATORIES

Identify and list functions of the various sections of a
programmable controller. e

List the three main elements involved in control by PC.
Locate and fdentify the functions of the various
diagnostic indicators. :
Assign an address to designated terminals. , :
Identify the address of words in memory. °

Enter various rungs using PC equipment.

Identify <the various types of f{nstrucfions using PC
equipment.

. Troubleshoot the PC.system.

L] L * L]

STUDENT COMPETENCIES

At the conclusion of this course, the student will be able
to: .

. Identify, by locating on the equipment, the names and
functions of the basic sections of programmable controller.

. Describe the three steps of the memory scan {n an PC.

. Troubleshoot the PC system using the various difagnostic

fndicators. //
. Enter rungs using ladder diagrams. /
. Convert a written description of a simple control scheme

fnto a workable PC program.
. Enter and debug a PC program.
RECOMMENDED TEXTS !

Hunter, Automatic Process Control Systems, Concepts and

Hardware, Prentice-Hall, 1978,
4

Kuo, Automatic Control Systems, 4th Edition, Prentice-Hall,

1982.
RECOMMENDED STUDY GUIDE

"Programmable Contrecller Course". Instruments and Control
Systems, Chilton Publishers, Radnor, PA.

172

> 163



. PROGRAMMABLE CONTROLLER PROBLEMS
COURSE DESCRIPT}ON

Provides opportunity for practical application of skills
and techniques acquired in Progremmable Controllers. The,qﬁ
student writes programs in ladder diagram form, enters them
into the controller, and conducts tests varying the input and
output operatifons.

PREREQUISITE: Programmable Controllers
CO-REQUISITE: None
CREDIT HOURS: 1-6-3

> COURSE OUTLINE . . Student Contact Hours
Class ‘ Laboratory
I. Construct Simple Ladder Programs 2 10
A. Industrial control loops
B. Enter ladder diagrams into
- P.C.
C. Vertify cArrect input
D. Verity correct output
II. Construct Ladder Diagrams 2 10
A. Get
‘ B. Put N
- Timers

D. Counters
E. Zone Control

[1l. Auxiliary Equipment 6 10
A. Printer
,B. Cassette tape recorder
C. Report generation .
STUDENT LABORATORIES “~

Enter ladder diagrams {nto P.C.
Vertify correct input using simulator.
Vertify correct output using simulator.

Construct ladder dfiagram, enter into P.C. , Get
instructions. ‘
. Construct ladder diagram, enter into P.C., Put

fnstructions.

. Construct ladder diagram, enter into P.C., Timers.

. Construct ladder dfiagram, / enter into P.C., Counters.

. Construct ladder diagra fﬂ enter into P.C., Zone Control
instruction. -
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. Connect printer, print reports from P.C. .

. Connect cassette tape recorder, enter program frrom P.C. to
recorder. ‘

. Enter program from tape recorder to P.C.

STUBENT COMPETENCIES

At the conclusiopof <this course, the student will be able
to:

Construct ladder diagrams.
Enter diagrams into P.C.

L L] L] *

Connect printer, print reports. ' ~
Connect cassette tape recorder, enter program from tape to
pQC.

RECOMMENDED TEXT

Manufacturer’s Instruction Manual
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ROBOTICS 1
COURSE 'DESCRIPTION

An introduction to {industrial robots including the:
varfous types and their oplications. The course addresses
the overall uses of fobotic systems and deals with specific
robots and their operating characteristics. Laboratories
included in the course cover various vendor mode! robots and
their basic capabilities.

.

PREREQUISITE: Electromechanical Devices
COREQUISITE : Instrumentaion and Controls, Fluid Power
CREDIT HOURS: 4-2-5

COURSE OUTLINE .o Student Contact Hours
, Class Laboratory
I. Introduction 6 0
A. Historical dsvelopment /
1. tools

2. mecharization
3. automation e
4, robotization
B. Robotics overview
l. robot/human analogy
2. industrial robot basics
C. Currént applications and
distribution
1. early automation
2. hard vs. soft automation
O. Current applications and
distributiqn
E. Projections, {issues and
trends in the use of robots
1. productivity
2. labor loss '
3. product quality
F. State of the art research and
application needs
1. tactile sensors
2. vision '
-7 3. CAE/CAD/CAM
r’ 4. coll)sion avoidance

.

Il. Robot Applications
A. Typicsal Examples
. welding
2. spray finishing
3. forging/casting, grinding,
sanding, polishing
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S nt t .
Class Laboratory
4. material loading/unloading . ‘
5. palletizing .
6. assembly
7. 1Iinspection/qQ.C. .
B. Application Considerations
1. safety '
2. cost -
3. environment
4. strength requirements
11]l. Elements of Industrial Robot 12 8
Systems
« A. Robot Operating Parameters
i. human/robot analogy . 4
2. robot performance -~

specifications
3. coordinate systems and
manfipulation/workspace
analysis
-a. Carterisn ccordinate system
1. degrees of freedom
2. world coordinates
3. Joint coordinates
4. tool coordinates
b. Rectilinear systems
c. Cylindrical systems - ‘
d. Spherical systcms
4. robot operational modes
a. servo vs. non-servo .
b. point-to-point
d. continuous path
d. teach pendant
e. lead through
f. off-1line programming
5. statics/kinematics/dynamics
a. position, velocity,
acceleration
b. motion characteristics
c. motion programming and
control of industrial robots
d. dynamic analysis of a robot arm
8. Robot hardware
l. overview
a. analogy
b. basic types of robots
2. power sour-es
3. robot power supplies




Student Contact Hours
Class Laboratory
a. electricity: AC/DC -
power supplies \ '
b. hydraulic: electric
motor/hydraul ic pump
c. pneumatic: electr
motor/air compresspr
4, power distribution systems
S. actuators
a. mrotors

b. solenoids .
c. hydraulic/actuatorse ’)
d. pneumatic actuators

6. actuator controls
A, electric motor controls
b. control feedback

devices/sensors

7. drive systems

8. end of arm tooling effectors,

9. sensors

C. Robotic system control

1. programmable controllers

a. Ladder logic language

2. microprocessor/mini{-systems
qﬁ& a. high level languages.
' 3. {input/output interfaces
. D. Flexible manufacturing systems
/ 1. system considerations

2. peripheral devices
3. product design cons!deretions

IV. Implementing Robot Systems 3 0
A. Safety
B. Justification
C. Human Impacts

V. Comparative Robot Systems : 13 8
- A. Seiko 700

1. operating characteristics
2. capabil!ities and limitations
3. applications
4. schematics and diagrams

B. Copperweld CR 50
1. operating characteristics
2. capabilities and 1imitations
3. applications
4. schematics and diagrams

C. GMF MIA
1. operating characteristics
2. capabilities and limitations
3. applications

)
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4. schematics and diagrams . y,
D. Cinclnnatl Hllacron T-3/586
i. operating characteristics
2. capabilities and 1imitations
3. applications
4. schematics and diagrams
E. IBM 7535
1. operating characteristics
2. cspabilities and limitations
3. applications
4. schematics and diagrams .

dTUDENT LABORATORIES ,

Examine comparative actuator systems of typical robots
(cartesian, cylindrical, spherical, articulated). ODiagram
their work cylinder and include appropriate data as
specified by the instructor.

Examine and observe the operation of hydraulic,
electrical, and pneumatically driven robots. Manipulate
the contral. device under the supervision of the
fnstructor. .Prepare a written report on the possible
applications of each. ‘ ,
Manipulate a programmable controlier to control a robot
based on finstructiof presented by the .instructor. Make
simple modifications to the orocedure and re-program the
robot. :

Write a simple off-line program. Load and test tihe
program at the control console.

Visit an findustrial site where robots are in piace.
Determine the design requirements that were required for
the development of the robot system (what factors did the
users have to consider?).

Critique the system which they selected (plusses and
minuses).

Gtven the schemstics, diagrams, and data prepared by the
vendors of selected robot models, prepare a written report.
which ou*’‘res “.1e operating characteristics and systems
interrelat --ships of each. Explain from the schematic,
each system and {ts interface with other systems; identify
potential pcints of malfunction and check-out procedures.
Observe as many of the various types in operation as
possibla. .

STUDENT COMPETENCIES

Describe the development of robots and their
implementation into manufacturing over the past decade.
List the advantages and disadvantages of automated
manufacturing processes to indsutry.

List and describe the elements of an industrial robot

system.
o

Y
»
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. Eyplaln the categories of robots according to operation
mode.
. Operate selected\robot(s) through the manipulation of the
appropriate control device.
-« Constast operation of the poewr actuator system among
electrical, pneumatic and hydraulic robots.
. plain the various organization schemes through which end
- effectors are manipulated in space.
. Write a simple computer program to control! a robot.
. Explain the varfous considerations that must be made In
' selecting a robotic system for a given applicaticen.
. Given a manufacturing problem select a specific robot to
solve the problem and justify the solution in writing.
« Discuss the operating characteristics of the major
vendors’ models and classi{ificaiton of robots.
« Interpret the schematics and vendor diagrams of major
vendors’ models of robots so as to be able to understand
the function of the system {nvolved.

* Competencies for Robotics R & Il may vary based on the type
of rQpotic equipment available'.

RECOMMENDED TEXTS

Engelberger, Joseph F.

Robotics in Practice, Management and
Applications of Industrial Robots, Great Britian: AMACOM,
1980. A\\

Hunt, Daniel. Indystrial Robotics Handbook. New York:
Induszrial Press, Inc., 1983

(Also./#ee Robotics I & Il. Support, packages developed by
Project Staff.)
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v ROBOTICS, 11
COURSE DgSCRlPTlQN 3
Robotics Il {s a continuation of kobotics ! and includes
ean in-depth study of the operation and maintenance problems
associated with systems now {n use In industry. Also included
are methods and procedures used to cperate and control robots.

PREREQUISITE: Robotice 1|

L

- CREDIT HOURS: 4-3-5

COURSE OUTLINE Student Contgct Hours
_ Class Laboratory
I. Maintenance and Operation 9 12
A. Hydraulfc robots '
1. controller/computer systems
2. actuator systems
3. mechanical system
4. servo systems
B. Pneumatic r&bots
1. control systems
2. . actuator systems
3. mechanical systems
4. servo systems
C. Electrical robots
1. control ler/computer system
2. actuator system
3. mechanical systems
4. servo systems

Il1. Robotics Probliem Definftion . 10 4
. A. Characteristics of specific
robots

B. Work cell organization
C. Specifications and tolerances

I1l. Programming Robots v 6 8
A. Off-1ine programming
B. Loading on-line
C. Programmable controllers
D. Lead through and teach
pendant modes

‘IV. Robotic Systdhs 9 16

A. Work cell design and set-up

"B. Synchronf{zation of devices
C. Utilizing controllers .
D. Work flow and material handl fng
E. Quality control and {nspection
F. Problems in select: g robot types

" G. End of arm tooling '
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STUDENT4LABORATORIES

. Demonstrate and observe the operating charactersitics of .

the . three sic types of industrial robots (hydraulic, :

- pneumatic, lectrical). Examine common sources of

malfunction. ‘ '

. Solve selected maintenance problems {n a given robotic.
system and restore to normal operation.

. Given 'a specific manufacturing - situation determine
alternative solution method utilizing a robol 'c system.

T Propose the type of robotrt (including specificaitons and

‘ rationales) needed to solve the problem. Specify how work
cell would be organized to accomplish the task.

. Utflize a Programmable Controller to control a robotic
device to perform basic tasks. Develop a robotic control
program off l1ine, down load and test the program, debug
and modify the program as needed.

. Program a robot by lead thru and teach pendant.

. Given a probiem(s) by the {nstructor develop a robotic
system to solve the problem(s). Select robot and design
work cell. Develop a materials handlirj system design and ‘
({f possible) construct the end of arm tooling required.
Program the robot -to accomplish the task. Test the
solution {f needed. .

* STUDENT COMPETENCIES .

. Perform preventive maintenance procedures on .
representative hydraulic, pneumat(c, and electrical ’
robots.

« Troubleshcot routine maintenance proplems In robotic
systems (hydraulic, pheumatic, or electrNcal drive).

. List and explain the major industrial applications of
robotic devices and systems.

. Explain the relationshir of robotics to computer assisted
design and manufacturing (CAD/CAM).

. DNefine a production problemn and develop a solution to the
prz=lem which utitizes a robotic device.

«  Write a program in selected computer languages to ~ontrol
a robot.

. Program a robot using lead thru and teach pendant methods.

. Program a robot using PLC. -

. Set up a work cell and implement a rcbotic system to
perform production tasks.

. Design a simple end of arm tool.

RECOMMENDED TEXTS
Engelberger. Joseph F. Robotics in Practice, Management gnd

Applications of lnggsttial Robots. Great Britain: AMACOM,
1980. :

| | ‘ |
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Hunt, V. Daniel V. Indgstrial Robotics Handbook. New York:

Industrial Press, Inc., 1983.

(Also see Robotics | & Il support packageé'dev;loped by
ProJecﬁaﬁtaff.) .

»

*Student competencies in Robotics I & 11 may vary based on
equipment avaliable. 3
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SOLID STATE LOGIC MOTOR CONTRd{S
COURSE DESCRIPTION

A

Student will study the principles and practical
application of {industrial system contgol by solid state
devices, » . .

PREREQUISITE: Automatic Motor Controls | & 11

CO-REQUISITE: None ' .
\
CREDIT HOURS: 4-3-5

COURSE OUTLINE o St ct
Class . Laboratory
I. Concepts of Static Logic Control 8 6
A. Investigate the concepts of ' >

static logic control
B. Fundamentals of static logic

functions
I1. Identify and Label Static.Control 8 6
Logic )

A. AND, OR, NOT logic functions;
solid state relay _

B. AND-NOT, OR-NOT, and sealed/NAND
function :

C. Memory devices and adjustable
time delay

Il1l. Static Logic Motor Control 8 + 6
Circuits
A. Start-stop Jog
Iv. AC Machine Controal 8 6
A. Variable frequency speed
control
- B. SCR’s to regulate motor
speed

C. Dynamic braking and plugging
D. Alternator regulation
E. Alternator voltage regulation

~

V. DC Motor Control 8 6
A. Magnetic amplifiers
B. SCR armature control circuits
C. Dynamic braking and plugging
Vi. Positional Control 8 6
A. X-Y coordinate positioning
control

B. Angular‘positioning control
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STUDENT LABORATORIES

AND, OR, NOT logic functions and solid state relay.
AND-NOT, OR-NOT, sealed, and NAND function.

Memory devices and adjustable time delay.

Static logfic motor contro! circuits.

Stepper motor, motor and drive circuits.

Stepper motor, data entry circuits.

Servo motor, switching amplifier, digital position error
detector, closed loop positioning.

X-Y postion control.

Capacitor-run motor controller

Pluggtng and dynamic braking.

Three phase induction motor controller.

Alternator synchronf{zer-voltage regulator.

STUDENT COMPETENCIES

"\

At the conclusion of this course, 'the student will be able
to:

Utilize the fundamentals of solid state motor controls.

Test the control starting and various speeds of a motor.

"Test the control braking of a motor. - .

Describe the development of control circuits and diagrams.

Analye, test, and maintain control circuits.

Verify the use of an off-return memory and demonstrate the

off-return memory function. .

- Demonstrate the use of the AND-NOT and NAND logic element

and vertify. v

. Explore the principle of using solid state circuitry to
regulate the terminal voltage of an alternator.

. Explain the concept of automated numerical control.

. Investigate the concept of a digital position error

detector circuit and a closed -loop positioning system.

RECOMMENDED TEXTS

Hampden/Sel lware, Lab-Volt, Static Control Training Systems,
VO].]|‘3'4.5. *

Mclntyre, Electri : ontrol Fundamentals, McGraw-Hill.

Maloney, lIndustrial Solid State Electronics: Devices and

Systems, Prentice-Hall

Janson, Power Control Electronics, Prenthe-Hall.

Humpheries and Sheets, Industrial Electronics, Brenton
Publishers.

~J
1
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SYSTEMS DRAWING
COURSE UESCRIPTION

Students acquire the knowledge and skills required to draw
and {nterpret standard ISA drawings. Students become familfar
with varfous types of 1[SA drawings through lectures and
practical applications. '

PREREQUISITE: None
CO-REQUISITE: None
CREDIT HOURS: 2-6-4

COURSE OUTLINE Student Contact Hours
Class Laboratory
I. Instrumentation Symbols 2 «3

A. Symbols '

B. Identification

C. Function

D. Measured variable

E. Manipulated variable

Il. Loop ldentification 4 6
A. Symbols
B. Numbers

C. Locations

D. Alternatives .
E. WMiscellaneous

F. Interlocking

Ill. Open Loop Control 2 ' 6
A. No-~feedback
B. Timed

C. Sequenced
D. Quantitative

IV. Closed Loop Control 4 6
A. Feedback
B. Feed-forward

V. Single Control Loop
A. Level
B. Flow
C. Temperature
D. Pressure

’

VI. Multi-Control Loops | 4 30

A. Density

B. Temperature
C. Level

D. Flow
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STUDENT LABORATORIES

++ Draw various [SA standard symbols. .
. Draw various [SA standard symbols for primary elements,
transmitters, controllers, and final operators.
-~ . Draw open loop control system.
X . Draw closed loop control system.
. Draw single control loop for level, flow, temperature, and
pressure system. - '
« Draw multi-control loop for density, temperature, leve)
' and flow. Include at least wo interlocks.

o~

STUBENT COH#ETENCIES

At the conclusion of this course, the student will be able
to: _

Identify standard ISA symbols,

identify open loop control systems.

Identify closed loop control systems.

Draw single loop control systems.

Draw multi-control loop systems. : \\

RECOMMENDED TEXTS

Kirk and Rimboi, Instrumentation, Alsip: American Technical :
Publishers, Inc., 1976.
Instrumentatio s ldentification, ISA - 55.1 .
%
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THERMODYNAMICS AND HEAT TRANSFER

!

COURSE DESCRIPTION
An introductory course to provide the student with an

understanding of the basic Iaws of thermodynamics and the

principles of heat <transfer. Applications to solving

industrial problems are stressed. :

PREREQUISITE: Physics 111, Trigonometry

CO~REQUISITE: None

CREDIT HOURS: 4-0-4 e :
COURSE OQUTLINE Student Contact Hours
: , Class Laboratory
I. Energy,Heat, Gas Introduction 4 0

A. Energy and work

B. Heat and gas pressure

C. Perfect-gas equation /
D. Heapuring energy ,

E.  Kinetic molecular theory

I1. Energy Equation of Gases 8 0
A. Energy conversion
B. Reversibility
C. General gas equation
D. System
E. Constant-volume process
F. Constant-pressure process
G. Constant-temperature process
H. . Adifabatic process
4 .
IIl. Entropy € 0
A. Second low
B. Entropy
C. Adfiabatic entropy change
D. Constant-P entropy change
E. Using T-S graph

Iv. Liquids and Gases _ 8 0
A. Fluid properties
1. mixed gases
2. vapor and liquids
B. Steam processes
C. Steam cycles
D. Steam-cycle component
E. Gas and vapor mixturess

V. Heat Transfer 14 0
A. Conduction
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‘B. Convection
C. .Radfation
D. Practical Methcds for correcting
‘ thermal problems
1. fncreasing heat flow
2. decreasing heat flow

% STUDENT LABORATORIES ( if laboratory time is needed)

. Calculate and measure pressure, temperature and volume
changes by applying Charles Law, Boylie’ Law and the
, perfect gas equation.
. Determine the changes in energy of a falling object.
. Measure and plot rate of heat loss or gain.
. . Measure and plot rate of heat fldow through various
materials. L

« Determine the '* -k produced 41n a reversible adiabatic
process.

. Draw T-S diagrams of Carnot engine with reverisble and
lrreverstble:pnocesses.

. Throua*. theé use of steam tables and the Moilier Diagram
determine temperatures, volumes, enthalphy and entropy of
water snd other substances.

. Calculate and detemine graphs and efficiencies of various
feedwater heating cycles.

STUDENT COMPETENCIES

At the conclusion of this course, the student will be able
to:

. Define energy., determine what temperature is and calculate
heat Quantities.

. Unda2rstand and use heat quivalents in Calories and British’
Thermal Units. _

. Define specific heat and how that may vary.

. Determine the conversion of heat to work in constant
pressure, constant volume, constant temperature, adiabatic
and polytropic processes.

. Define entropy. -

. Cecnstruct TS diagrams for raversible and irreversible

processes.
. Define subcooling, saturation, sublimation, superhesating,
critical point, saturaced 1liquid locus, and saturated

vapor locus for constant pressure aind temperature lines.

. Determine and colucate er.ergy - flow equations for various
steam cycle components. .

. Determine wet-dry oulb reediings and the equations for
varfious uteam cycle components.

. Cfite consequences of the First and Second laws of
thermodynamics.

. Define adiabatic and isentropic processes.
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« Use the ({deal gas law to calculate pressure, volume, and

temperature changes in'a closed system.
‘ - Calculate heat flow rates for heat transfer by conduction,
' convection, and radiation, given the high and low
-temperatures and an appropriate reference for the therma)
properties of the system component parts. (tables in a

handbook) . .
. Describe techniques to increase and decrease heat transfer
- rates by conduction, convection, and radiation.

. Calcuate the Insulation required to maintain a given heat

transfer rate, given the internal and ambient temperature
for the process. /

" RECOMMENDED TEXT

Look, "wight and H. Sawyer, Themodynamics. New York: Brooks
Cole Pubilishers, 1940. . N

.\

x>
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~~~, PILOT LEVEL TEACHING EQU]PHENT INFORMATION
'~ FOR ELECTROMECHANICAL TECHNOLOGY

Note: This is a suggested equipment 1ist which is
considered to be a minimum requirement for carrying
. out pllot level programs. .
- _
195
Q. 181 ,




ELECTRO-MECHANICAL ENGINEERING TECHNOLOGY PROGRAMS - SUéaESTED EQUIPMENT INFORMATION

-

4

Basic Electricity, Electrdﬁ}bs & Computer Fundamentals

Training Devices/

Equipment/ Qty. Per Approximate
Instrumen?ation Systems School Unit Cost Extension
Digital Multi-Meters 30 $ 200 $ 6,000
Oscilloscopes 20 ~1,000 20,000
Power Supply 2 300 600
Signal Generator 20 300 v, 000
~ Digital Trainer 20 160 3,200
S Labs & Courses shared with Micro-computer 20 2,000 20,000
other program Computer Printer 2 900 9,000
Electronic Experimental .
Trainer/Parts 30 160 4,800
X-Y Plotter 1 1,200 1,200
- N -
‘ $30,800

152
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ELECTRO-MECHANICAL ENGINEERING TECHNOLOGY PROGRAMS - SUGGESTED EQUIPMENT INFORMATION
N ", ’ .

4

Motor Controls, Fluids, Industrial Electronics Applications

Equipment/ Training Devices/ Qty. Per Approximate
Instrumentaticn Systems School Unit Cost [Extension
Tool Sets and Gages 12 $ 500 $ 6,000
. Electric Motors 10 70 700
Compressor Motors 4 150 600
Hydraulic Trainers with Accessories 4 7,500 30,000
— Pneumatic Trainers 3 5,000 15,000
(e ,]
Electromechanicai Control Systems 10 1,000 10,000
D/A and A/D Devices 1 set 4,000 4,000
Transducer Systems 1 set 4,000 4,000
Miscellaneous Interfacing Devices
. and Components 1 set 4,000 4,000
Industrial Motor Control 2 2,500 5,000
v .
Industrial Measurement & Controls 2 1,250 2,500
Programmable Controllers 2 5,000 10,000
Insfrumentation 1 set 7,500 7,50C
.Torque, Meas.; Speed Meas.;
Position Meas.; Pressure
Meas.; Flow Meas.; Temp. |
Meas.; etc.)
$ 89,300
184 185 | @
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ELECTRO-MECHANICAL ENGINEERING TECHNOLOGY PROGRAMS - SUGGESTED EQUIPMENT INFORMATION

L

Basic Electricity, Electronics & Computer Fundamentals

Equipment/ " Training Devices/ Qty. Per Approximate
Instrumentation Systems School Unit Cost Extension
Digital Multi-Meters 30 $ 200l $ 6,000
Oscilloscopes 20 1,000 20,000
Power Supply . .2 - 300 600
Signal Generator . 20 300 6,000
- Digitai Trainer 20 160 3,200
™ Labs & Courses shared with Micro-computer 20 2,000 40,000
other program Computer Printer 2 900 9,000
Electronic Experimental 30 160 4,800
Trainer/Parts
X-Y Plotter 1 1,200 1,200
$ 90,800
1586
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APPENDIX A

SUGGESTIONS FOR
IMPLEMENTING A

PROBLEMS COURSE
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SUGGESTIONS FOR IMPLEMENTING A PROBLEMS COURSE
INTRODUCTION

fhe problems course is intended to be the capsto:ie of the
two years a student spends In the technical school. It
should be problem/project centered and attempt ¢to
synthes {ze everything that has occurred throughout the
currficulum. It is also possible to broaden the student’s
areas of understanding ‘during this time and to cover
topics not:covered because of time or other constraints.
An excellent strategy is to palir students from different
disciplines, EMT/EET, Robotics/CAD etc., Just as might
happen {n industry. A great deal! of learning and sharing
can take place through this arrangement and the
experiences should as closely as possible approximate the
conditions of the "real" high tech worlid.

POSSIBLE PROBLEMS TO BE ENCOUNTERED

Too often, curriculum designers suggest problems courses
which sound {deal .on paper, but are {mpossible to
fmplement. This s due, in the final analysis, to
widely uppredictable factors discovered at the time the
proplems course is to come togeher, such as: -

A. Student numbers and distribytion :
The M.E./E.M.T. combination, for example, could
arrive at the proper quarter for "problems” without
8 design student or a production student. Wwhat
then?

Obviously, adjustments would need to be made. If
a8 mechenical design student were lacking, then a
on—-design project should be picked - - such as
replication an electromechanical device ( which
would {ncrease the number of devices avaflable for
future learning labs.).

Invaluable expertence would be gained {n measuring
the parts to be replicateq, then describing them
accurately on CAD, If a8 production student were
ther available; he/she could translate the CAD data
into CAM operations to make the parts. Ir the
absence of a production student, a machine student
could complete the CAM cycle.

Finally, the electromechanical technology students
could assemble and check out the product. If no
electromechanical technology students were
avallable, it 1{is conceivable that the mechanical
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technology students could complete the project in
cooperation with the electronic/electric technology
students.

Chances are good that, in combining classes, numbers
will seem too large and unmanageable for a single,
coordinated project. In ¢this case there are
reasonable options: .

l. Assign small individual projects
concurrently with a coordinated, or group
project.

2. Assign a group project large enough so that
all students can work on a sub-assembly or
detail part of the whole. (Beware of a "log

> . Jam" at test and checkout!)

3. Assign two or more group projects.

The above examples of "what-ifs" are intented to
serve as a model to stimulate thin‘ing of ways to

- solve number and distribution problems.

1 ion

‘Occasionally students arrive at the "Yproblems" area

sonmewhat weak fin an area of knowledge. Seldom is
distribution of this weakness such that all students
have the subject deficiency. In the case of a
reasonable number having a well-rounded grasp of the
technology, "pairing” of the lesser skilled s.udents
with the stronger students can be beneficial.

In a case where the distribution runs to a majority
weakness in an area of knowledge, the curriculum
should be examfined. However, to proceed with the
subject group, the staff should steer the projects
fn such a way that they tend to remediate the lack.

reativit
It is desirable to draw first from the ideas of the
student body in putting: together "protlems"

projects. - Often it {s possible to assign small
projects that were originated individually by the
students themselves. Or, students may suggest a

coordinated, or group, project that is very worthy.
It s an excellent {dea to wor!c closely with local
firms bhaving tool design needs. Simple tools and
equipment can be desfgned and built for these
companfes (to the great benefit of both parties).
Occasional ly, however, solfcftation of proposals for
projects produces a low number of useable fdeas. It
fs wise to have on hand a number of both individual
and group projects from which the students may
choose to their liking.
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PLANNING A PROBLEMS COURSE

A "problems" course can linger in a student’s mind as
the high-water mark of technical education, or be
remembered as waste of time. The difference usually
is in the planning done by the school staff.
"4
A. { : £ rdi ‘
If "problems" are to be attempted which simulate
an engineering / manufacturing environment, an
interdiscipline approach should be taken (such as
a problem involving M.E. and E.M.T.). The first.
step is for the staff in these disciplines to meet
and address the following minimum fssues. '
1. What roles each staff member would assume.
2. What Taboratories will be needed.
3. What scope of project (s) is reasonable,
4. Maximum material costs affordable.
5. General learning objectives desired.
6. Estimated number of students per group
pro)ect.

B. Formylating student entry

Many approaches are possible to enlist and assign
students to projects, but the staff should have
Planned in detall how the student be assigned to a
"problems" project.

A suggested method follows:

1. Staff and students need to discuss thoroujhly
the rules regarding time, cost, scope, and
grading. v
Give handouts.

2. Students receive a form for proposal and
deadl ine. .

3. Students submit é\aposals.

4. Instructors evaluate proposals, suggest
changes and deadl {ne.

5. Instructors assign 1individual projects and
group prolJects,

C. Formulate engineering cooi-dination methods
Students sharing a group design/make project

across 2 or 3 disciplines will need an organized
way to ccordinate their design and bulld
effcrts.

They need to learn the methods employed by

industry

1. Suggest that the groups elect a "project"
engineer who will be responsibie for total
coordination 2f the project. Elect

assistant for backup.

203

191

\



2. Suggest that each discipline elect a "group"
engineer;i.e., a single point of contact for ‘
that group. _ ‘

3. Suggest that each "group" engineer assign
tasks within his/her group.

4, Establish regular coordination meetings
(usually with basically a fixed format to

. prevent digression).

=5, Empower "project" engineer to cail special

meetings as required.
6. Suggest weekly progress reports by "group"”
engineer to the "project" and a composite \
. wéekly report from the "project" engineer.
7. suggest that "project", in conjunction with
‘"group”, prepare a mazter schedule and keep
ft current. Off-scheduie reports must be

accompanied by "make-up" K plans and newly
scheduled target dates.

8. Suggest that "group" prepare all the input
data gs they go to allow revision and prompt
compilation of the Final engineering and
cost/ report.

9, ° Sugcest that "proJect" demand a we go data
to’- allow compilation of the final

engineeking and ' cost reports {fn a timely

manner .project status. man hours, span

time and dost, etc.) ' .
10. Suggest that a file be set up fer drawings

and that it be handled professiona:ly.

Changes should be documented and routed to

"group" and "proJect" leaders. .

Plan the physical details
Often all the people and procedural plans are In
order, but the physical and logist{cal plans are
sketchy. They staff should give considerable
thought to the following:

1. Materfals., Are there adeciate materials for
studédnt projects?
Have plans been taid for timely pucha-es of
special needs?

2. Specfal processes. Séwe specfal needs, such
as heat-treating, may be e2nerated in the
proJects. * Have plans been }aid to handle
these needs?

3. Equipment availablity. If the prcject is
large, or if there are multiple projects,
access to machines and equipment can become a
problem. Considerable thought must be given ‘
to availability and scheduling of CAD and CAM
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equipment, as well as 'utlfizlng non-cAM
. machines. - ' !

- o Ct ' i Cc
4, Space. !t is desirable to set up a simuliated
ST engineering/produciton setting. “ Is sBace
: ' ‘avatiable? Can "group" and "project” leaders

«sat up a simulateed office. (or work stations

. with pigeonholes and buaskets for report
| ' and chaﬂge notices)? . . :
\.
. \\ .
\' .

Obviously the coordinated, or group, proJcct
‘described {in c above, 11 be supplying weekly.
reports -at both group and project levels. They
will also maintain a master schedule as well, 8o

"’ progress will be well documented. . o . R

going concurrently with- . small {individual
projects. : The lndlvrﬂual should learn the same
distipline of reporting that is legisiated for
the group. ) '

/

~Foltow|ng "\f suggested methodz

1. Prepare a "contract" wlth the student
relative o completion of design. buftid,
. test and final engineering .reporcs.
2. ‘Discuss the progress reports and format to
preciude 'any misunderstanding. Explain

_‘_,weignt of progress revlews in final grade. ’

, t,
3. Egll%u_;ggl The . lnstructor must call For
progress reviews, ook at them and return
them as_quickly as possible.

“F. Formulate & grade system - T
Since student projects have disinct phases {t is
suggested that sonmfe method be designed to grade
accoridngly. Additionally, it . J4svsometimes case
that a project cannot be completed in the.allotted
time. If grading {s done by phases in these cases,
a base exists For formulating a f#nal score.

Phaseg of a project and grading could be as follows:

1. Organization of the engineering/producion groups.

2. Design of engineering checkoints and controls, {including
forms and paperwork. . \

3. How effective group coordinaton actually fis.

4. Aptness of the design vs. the oparameters.

5. Producability of the product.’

5 7 ¢ !
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It Is poaslble. howeaver, to have a group project

e e e D T i



t/ L] ° ' .“ .-»:‘\'I
. . . ¢
5 ‘. . . % P ; - B R -, R\
] * . A
s e, s . S . .
. , R - ] y - R o 3 -~ v y
/' . . - * L - . . . N y . ~ R
’ . T . B : o . . .
N € . )’ A .. . * . ¢ _ ' ﬁ
'; : ¢ ) [y
. . .6. How well the design fulfifls the original parameters.~ . ‘ ;
. ) 7. How well schedules are met « L, “ . ~
S 8. The test procedures Tt : ’
- » -t o\ \ ) ) ' . ¢
Y U _3,, » (¢ . b § '
. . - . 4
iﬁ. \.’ " . r
- -
. 7o
. ‘ . . S
. - M P d
» ] . * ’ N [y PS [
¢ ° +
. ¢ A .
- \
. -~ * .
» _ ‘
- 1 .
N\ - 0
»
" t ‘ ) \ (9
» .
. . .t . ' -
! ¢ L) ’ » .‘i
. - H A . A . . v
S . . . : \ 3 \
~ ° ' - - . R ..
’ - )
. .« .
. . . ’ ~
A . A . - .'_
' ‘ “ ! . : ;!
' N - , .-._
. .
L3 <
. , ., . v
. .
, ”
o c 4 . . . " ®
’ ?
’ *
. o- K . e
. ’ ‘
Iy v ) L) "
¢ » » ' - *
L \ .
¢ > ¢ * *
9
" * ¢ ! * hd ‘ .Q
/ .
L ] 7 &
L8
. .
- : ‘
) L4
. ., - . .
. - 1
s .o
¢ - ‘ ,
' .

. - : | 134

. 206 )




e e e - leee  ede L. e T W e I T ame . S g R TS P (RS R L A L .
B AR o T T T & v < . ) . N

Ears - .

« ' - - B

. . - » ¢ e . ' ’ ' \;

: . - APPENDIX B . : ' 5

' ot - / L = 3

'TECHNICAL SOCIETIES | :.

.
[

{ o o l . ., .. * ,“ o '.
‘ ) ) " " TECHNICAL PUBLICATIONS OF _ e

‘ ' | . | . ' s - . : | ¢ . . . . o
. INTEREST —~

. - . . - . -~ ’ .

. .
. K
. L . |
13 L4
. e
. LN 1 . -
' . . ¢ . . e
- $
.
. . N, \ . - .o
[
P . . ~ ) ~
14 ' . * \
- - ~:
. \ ‘ 1 . - .
¢ . ’ A . -
i \ 4 hd v
‘ )
- B Py .
. . ]
LN R .
Y, B .
* ’
[ ]
- ) ¥
A ] -
6 \
. .
‘ -\
\ '} A \ *
- -
-y
- Y t -
* . N .
.
4 f ¢
» .
[ ]
L) e -
. ~
. -
. - i *

. . 207 g ,
ERSC : | 195 C s o



. TECHNICAL SOQ!ETIFS AND ORGANIAT!ONS o .

e .

Americen Automatic Control Council (AACC) . - o

P.O. Box 12277, -Research Triengte Park, Nc 27709 "\
919/549-0600 3 ‘ | F R

Numerical Control Society (Autometic Control) (NCS)

519 Zenfthr Drive, Glanview, IL 60025°
312/297-5010 Responsibility for the epplidbtion of .
umerical control teehniques. - .

7
institute ‘of Electrical and’ Electrontcs Engineers (IEEE)
345 East 47th Street, New York c\ty. NY - 10017 -

212/644-7910 , :

' lnternetionqi“Society'for'ﬂ?brid Hicroelectronics. (1SHM)
' 5

P.O. 'Box 3255, -Montgomery, AL 36109 - 205/272-3191 . 1
Ceramics, thick/thin films, semiconductor ' packaging,
discrete semiconductor devices. end monolithic circuits.
Bimonthly newsletter. _ . -

)

\

National Engineering Consortium (NECO (Not an essocietion)
1211 West 22nd Street, Oask Brook, IL 60521 - . 312/325-5700
Provides fellowships, “scholarships, - .grants, and éndowments
to engineering students for furthegring electrbnic training.

Accreditation Boerd or Enginsering and Technology (ABET)
345 East 47th Street, New York' City, NY 10017 312/644-7685

Accredits college engineering curricula and engineering
technology progrems. ..

L]

Americen Aseocietion of Engineering Societiee (AAES)

345 East 47th Street, New York City, NY 10017
~1212/686-5676 ,

Advance ,the science end prectice of engineering in the
. public interest..

Amer {can lnstitute of Industrial Engineers (AlIE)

25 Jechnology Park, Norcross, GA 30092  404/449~0460 v
~ Design, improvement,. and jnstallation of iQhegreted systems '
. ofrpeople, meterials. equipment. and energy. . 4 :

)

Amer {can Qnstitue of Plent Engineers (AIPE)
3975 Erfe Avénue, Cincinnati, OH 45208
Newslétter 8 times/year; Jjournal querterly.

Americen Society for Certified Enginzering Techniclians (ASCET)
4450 West 109th Street, Overland Park, KS 66211 913/341-5669
Skilled technicians whose traintng and exgerience qualify

" them:  to provide technical support . and assistance to
registered professional engineers, . ggcglflgg_ﬁnglnggplgg
Technician, bimonthly. ' Lo . .

-

’
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" . Automnted Proceduros and Enginecr ing COIL. iteni: (APEC) . : ‘ {

* . Miami Valley: Tower, - Suite 2100, Dayton, OH 45492 i

. S 51 3/228-2602 ' . . %

. . , Appiicetion of - uo-tc-detc computer technology to buiiding A

‘.. . design. Joannei. bimonthly. ° '

Enginee’ing Technologist Certificetqgn Institute (ETCI) . :
- 2029 R Street, NW(< Hashinqton. 20006 ' &02/659-5773 S '%
- - Not a membership Orcénizetion. " 188ues certificates for . .

Assqfiete Technoiogists and Engineers., L oy

; American institute for Design and Dreftingn(AlDD) ' s U
v - 3119 Prince-Road, Bartlesville, OK 74003 918/33333053 “
oL qunn_snsl_nne.ﬂ;im_um monthly. , : ] :
. Desfgn and Drafting Hanegement Councii (DDNC) ' L . i
. . P.O. Box 11811, Santa Ana, Qp 92711 714/838-5800 . g
o ., Cm.outer-ess'i sted drafting. Library. Commentary, monthly. K

-3
&
R

L ¥4

¥ Engineering Reprographic Soctety (ERS). o
- P.0. aOX 5805, St. Louis, M0 63134 314/232“7336~ ~

Americen. Fede atiqn . oF ln?ormation Processing Societies )
: ' (AF1PS) o :
° ' 1825 Nortthynn Street. S5uite 800, Aridndton VA 22209 PSRN

03/5%8-3600 . _ . i
* ~ Serves as national voice For the computihg field, advanced ' :
' knowiedge of the inFormation processing sciences, ' ’ ~

“'Association for Computing Machinery (ACH) v
: .. 1133 ‘Avenue of Americas, New York City. NY 10036 .
v - - 2!2/265-6300 . L .
- Computer and Automated Systems Association of the Society of
Manufacturing Ehgineers (CASA/SME) - v
Box 930. One SHE Drive.'Deeruorn. Ml 48128 313/7271- lSOOc

N Instrunent Sochety of Amcrice (ESA) | " C .
. © P.O. Box 1227, Research : Triangle Park, NC 27709 .
' 919/549-8411 : " S
" Instruments and L controls in scfence and indust?y. '
: | Lnﬂnmhnmmn_lmbhﬂmx monthly. | R ,
¢ Society of Hend?ecturing Engineers (SMEY™ , Do é; . 'L7'
r P.O. Box 930, Dearbor, Ml 48128 313/271-1500 : R Y

Library. - Manufacturing Engineering, monthly., ° . - -

" . American Society for MecHanfcal Engigeers (WSME)
\ " 345 East 47th Street,, New York City, NY 10017 212/644-7722

SponsoF for ANSI4 - Library. - Aggugg_g,;mus__mm. -
-monthly. Mechanical Engineering, monthiy. " = - ' ’

Amerfican Institute of Physics CAIP) : . :
335 East - 45th Street, New York City, NY 10017 - .
© 212/661-9404 T T .
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Amer i can Physlc.l Soclety . , ' ,
335 East.A5th Street, New York ccéy. NY. 10017 °, . o
212/682-3341 - - N ‘
. American.Society for Quality Control (asqt) . .
. 1615 Wegt Wisconsin ‘Avenue, mlwnuku. ﬂl - 53227 e o %
414/272-8575. , . . :
ngu_tx_zmm month'v- :
o * . s, e .
- lntérna’tlgnal instltute\for Robotics (1IR) - i B >
Box 21078, .Dallas, TX: 75211 ° | K /- *
. Small llbrary. Mﬂ_ﬂ!ﬁﬂ;&ﬂb monthly'. . .
Robots Institute of America (RIA) - . \ v
.. Pe 0: Box 930, Daarborn, Ml 48128 3})312.71-15_00 i
" ’ qu.rt.r'yo - « - . ) \ ’:
Robstics International (RI/SMES
P.O. Box 30, Dearborn, Ml 48128 313/27;—!500 i
Library. Robotics Today, b-imontbly. . , R
American National Standards lnstltute o |
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» JOURNALS AND OTHER PUBL CATIONS - | '
+ " .OF INTEREST 7O THE BNGINEER] TECHNICIAN

S
-
A X1
-
>
-

338. East 45th Strcet, New York City, 'NY. 10017 - . .

b ¢

. biweekly, $25 ) ‘
1221 Avcnue of. thb Amerfcas, Now York C}ty. NY 10020

LI A

' And,lnnsnum:n:ltiqn€ monthly, 010/12 .
481 Unlvors&ty Avenue, Tyrohto. Oﬂtarlo. Canada M52 lA7

* d .

. . L

, monthly $25 - .

' systems, monthly $10/12 -, . | :
48! UnlversltxrAvanuap ﬁononto. Ontqricn Cnnada HSZ 1A7
. Te & N O

’ monthly. $10/12 . .
481 Univoralty Avenuet Toronto, Ontario. Canada M52 fA7 ,

. ‘onthly, $30". |
5855 Naples Marine Plaza, Suite 301. Long Beach, CA. -90803

*

. A $

, monthly, $15 ' -
50 Essex: Street. Rochelle Park, NJ 07662

Egmeusang_nnn_busemnsien- 13 times/year, $18.50

815 ashlngton Street. Newtqgvllle. MA 02160 : :

ngeu&gcngflg. weekly, $12- ' S~ ‘
797 Washington Street. Newtonville, HA .07460 o :

ement. monthly. $8 . .
505 Busse Htghway. Park Rldge. IL 60068

[ mnth‘y' ‘18 : * -
35 Hascnistreet. Greenwich, CT = 06830 .
L}

Q:zldn_innlngsnlpn. monthly, $12/15
481 UMfveraity Avenue, Toronto, Ontarlo. Canada M52 lA7
./

3, biweekly, $20 .
221 Columbus Avenus, Bpston, MA 0211}6

v

~

EE - Electrical Equipment. monthly, no pricé |isted . o
172 South Broadway, White Plains, NY k6K 10605 .
, (Instrument. Society of Amerlca) - - ’ ‘

Elss&ngmssnanlgnl_nsaise- monthly, -$20 : NG
_167 Corey Road, BrooK%ine, MA 02146 - . :

Electronic Design, biweekly, $25 )
50 Essex Street, Rockelle Park, NJ 07662

, 26 tlmes/yeér. $8
. 280 Communlty Orive, Great Neck, NY 11030
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a ﬁ:l.n.c:mnlsjsxg. weekly. $9.50 = g , " . . o4
: 1 East thh treet./New Yor-k CH ' 10003 S
. Wnnmmmﬂ%sz monthiy, $6 . PR

- 757.Fhird Avenue, New.Y rk’ City. NY 10017 : ,

o El:.c.t.mn_ga-»{iweeklv. ;12 . C
. 1221 Avenue of the Amerlcas.  New York Clty. NY . 10020 .. .
- . : | - | \ . .
' : Ennlnnﬂm.:ﬁmﬂ.en- 8 tipes/year, $20 -
. . One duPont Circle, Suite 400, Washington, DC 20036
¥ Lo (Amer{can Soclety ‘for Englneerlng Education) - i Lty
' Mo monthly. 33 ‘v ' ' ' )
+ 345 East 47th 3treet, New York. Clty.\ NY 10017
(lnstltute of Electrical and Electronics Engineers)

o mgsmn:amumnﬂq.m monthly, $7 | o
. Lt '400 Stanwix Street. P ttsburge. PA 15222, , .o

Instruménts and Contrel Systems, monthly,-$25 . - '-.,
., P.0: Box 2025, Radnor,.PA 19089 | |

N 4 e,

" Joyrnal of the Association for Computing Machidery, quarterly, '
~ $30 ,1133 Avenue of the Americas, New York City. NY 10036, .

- L IO

. m.c.b.i.ns_auiim.l_ﬂ_l.us_ﬁmls\. monthly, no-prlce/ Hsted | v
1, " *7. Hitchcock Bullding, thaton. n.s 60187 : Y - L
| Agn. 31 times/year, $20 . . - |
Pentoh.Plaza, 1111 Ghester Avenue, Cleveland, Oh 44114

. wnmmw. monthly, $8.50 .
20501 Ford Road, Beai'born. MI 48128- Lt L ‘

1 ﬁmlne_grlng. monthly, SIO - '
345 East 47th Stréet, New York City, NY ™ 10017 \ \

. Physics Today, monthly; ¥12 ,.
335 East 45th Street, Rew vork City, NY 10017 - .

4 ' .Process Design, npnthly. no price listed )
' . . 221 Columbus Avenue, Boston, MA 02116 ' e

Epgggj_jg;g.' monthly, no price 1isted

P.O! Box ¢101, Bidomfield Hills, MI ~ 48013 °

. . . . .
Tooling and Production, monthiy, $10 S -~
5821 Harper: Road, Solon, *OH 44139 o, ! .

b ﬂgﬁlgj;&-&gi ckard Journal’ & T .
_ 3000 Hanover Street, Palo Alto, CA 94303 ' A
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- Federal law prohibits discrimination on the basig of race, color or national origin (Title VI ;?f the Civil
Rights-Act of 1964); sex (Title IX of the Educational Améndmentd of 1972 and Title [I of the. . :
Vocakional Education Amendments of 1976); or handicap (Section 504 of the Rehabilitation Act of .
1973) in educational programs or activities receiving federal financial assistance. ;

Employees, students and the general public are hereby. notified that the Georgia Department of :
#Education does hot discriminate in &ny educational programs or activities or in employment policies.

" The following individuals have been designated as the employees responsible for coordinating the
department’s effort.to implement this nondiscriminatory policy. ‘

Title II - Ann Lary, Yocational Equity Coordinator . N .
*  Title VI - Peyton Williams Jr., Assaciate Superintendent .
‘of State Schoels and Special Services - - , | 4 : "
Title IX - Myra Tolbert, Coordinator :
\ Sectioen 504 - Jane Lee, Coordinator of Special Education
Inquiries conceging the applicah'on of Title II, Title VI, Title IX or Section 504 to the policies and -~
practices of the departmentmay be addressed to the persons listed above at the Georgia Department of

Education, Twin Towers East, Atlanta 30334; to'the Regional Office for Civil Rights, Atlanla 30323;
or to the Director, Office for Civil Rights, Education Deparlment, Washington, D.C. 20201.
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